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PREFACE
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ACKNOWLEDGMENTS

The authors would like to thank a number of individuals who assisted with the
gathering of information and the production of this paper, including persons from the
Office of the Secretary of Defense, the Department of the Army, the Arms Control and
Disarmament Agency and the Defense Nuclear Agency. Mrs. Renee Harper prepared the
manuscript. All errors and omissions are entirely the responsibility of the authors.




CONTENTS

PREFACE oot esessseaassasaessesesesssssssssssnssnnsessnsesesssnssssnnnssases iii
ACKNOWLEDGMENTS . ..evuveeeeeeeeeeeeesessessssssssnsessasesesesssssssssssssssesscesas v
EXECUTIVE SUMMARY .oeeeneeeeeeeeseeeeeesesessasesssssssesessssssssssssssssssssssssens ES-1
I. ON-SITE INSPECTION FRAMEWORK

II.

A. INrOQUCHON cveuverieeniiieerereeraseecssnsnresssssasssessssnsassessrossossasascseans I-1
B. Verification Provisions for Storage and Destruction Facilities................. I-6
1. Storage Facilities.....ccuvvunenieuirnniniininiiiiintiiiniiiiiiiiiiaiien. I-6
2. Transfer Activities: Storage to Destruction .......ccecuveiecaiiiesaiinennnes I-11
3. Destruction Facilities...cccccicviiiiiuiiiemmniiiniiiianiinnniiincin. I-11
C. Verification Provisions for Chemical Weapons Production Facilities........ I-17
1. Initial INSPECHiON....cccieiirmniimntirnniierniiieiiiiieeistiniitiensannuenans I-17
2. Closure Inspection (Initial).....ccccoiiiiimiiiininiiiiiiiiiiiiiiinieen. I-19
3. Installation ViSit.....cccceeeiereiererericiererersseacaeectensecasnsossesecnsnes I-19
4. Routing INSPeCtONS....coveturerereiriirtnrenrarirncnsacnsssserorssesasesssnes I-19
5. Permanent PresenCe......cccccceveiecreeirniirnceniimecesieresrancnecacseosss I-21
6. Closeout INSPECiON.....ccvuiiiiienruiarnieirerrtensecaecatesrosesasasenes I-22
D. Verification Provisions for Permitted Activities.......cccevvurreecrisaneecnnane 123
1. Schedule 1 FaCilities ....cvveeiiereeccerceercaeienecircssssscastesscenccannes I-24
2. Schedule 2 Chemical Production Facilities......cceceeercvnreiiisniecanns I-27
3. Schedule 3 FaCilitieS ..uceuenrieierecsacareeiraiercrcnrsnenssasnsensaseacsanas I-32
E. Anticipated Categories of On-Site Inspections.......... eeceserisatttatetanenas I-33
1. Challenge INSPECHONS .. euevrenieieierreirnrtrienisncacreracnsensasacensasans I-35
2. Ad Hoc Verification.....ccociruciiiiaiiinicirniiteiicennitnniineacnenennenns I-36
COST FACTORS
PN €114 (o' 11 (o110 « (PPN II-1
B. Sampling COStS....ciuieieuiaienrenitnieimuetirncnitataeeceterincairecasesnsacnnes -2
C. Travel Costs and Distribution of Inspections........cccoccceecsecccvneeceecnens II-2
D. Number of Facilities......ccoiiieiiiiniirniiieiieicieiiincieniranienncenncanees II-5
1. Storage FaCilitieS .c.ocoiieeeiiiuieiiiiiiieiiieieiiiiiiieieciiieiiersacecnenens II-5




III.

2. Destruction FacCilities....cccceceeeiiirmiimunniunciainiiiiiinieiietiiaene. II-6
3. Chemical Weapon Production Facilities.........ccccoeuiiniuiiniiiiiiieieees II-6
4. Schedule 1 Chemical Facilities .........c.c.cceeees eeeeeeetenseeeacseeiirennn 1I-7
5. Schedule 2 Chemical FaCIlities ...cocveriiiiirinienieaiiiiiiiiiiiinieiena. II-7
E. Manpower and Overhead COStS......ccovienimiiiiiiniiinicinicisnniisinennnss II-8
F. CoststoDoD and the US.....ccciiiiiiiiieietiiiiaiinesiiicitiinciatesnasnnes I1-8
G. Capital COSES.ceuvuuiiruunirrrrnrasssetuniirtrmsiesemmntiateeasiettuiintiiisttaanes II-10
1. Headquarters Buildings and Other Facilities..........ccoouiiiiniieeeeen. 1I-10
2. Equipment and InStrumentation ..........oeuuereiiiiniiaennneieiiiiias II-10
RESULTS
A, INTOAUCHON ouevitiieereneerencecsossssstssssssnsssossssssasssssassssassnsssnssnsas I11-1
B. Cas€ ReESUIS..cciiuiirrueereiereerrusetssesiernsauesrasasessesessossssnuscsnsans -1
1. Base Case Cost ESHMAES...ccceereeriiriacerisiacarancassassccnsttesecasasnes IMI-1
2. Cost Case 1: Base Case Data with Ad Hoc Inspections Increased
From 600 Per Year to 1,200 Per Year.....ooceieiiiineiniiiineciaciacinnnns III1-7
3. Cost Case 2: Base Case Data with Routine Inspections Doubled........ II1-8
4. Cost Case 3: Base Case with Larger Inspection Teams................... oI-11
5. Cost Case 4: Base Case with Quarterly Inspections.......ccccceseeeccene II-14
6. Cost Case 5: Base Case with Quarterly Routine Inspections and
1,200 Ad HOC INSPECHONS ....vueurrenrnennrerarerosasasesniesaiienenesncans m-17
7. Cost Case 6: Base Case with Biennial Routine Inspections.............. I-18
8. Cost Case 7: Base Case with Biennial Routine Inspections and
300 Ad HoC INSPECtionS......ccccceeeeeeriieecacsssiisssssssssssnnnenennnans 1-21
9. Cost Case 8: Presentation to the Conference on Disarmament........... I1-22
10. SUMMATY..iciiireniiiieriirereierrtnseesrunesssnessetussssasisssunseranessese I-26
C. Sensitivity ANalysis .....cceeeieieirrirniereieiiiniiiiiciiiiiitititicciciananee. I11-28
1. Sensitivity of Total Costs to Overhead Factors and Salaries.............. II1-29
2. Sensitivity to Inspection Team Size........coeuveiiniiiiiuiniiiiiiiiiinnnns I-29
3. Sensitivity to the Number of FacCilities......cccccervercceiscniicniiinnnnene. II1-30
CONCLUDING REMARKS
A. Limitations of the ANalysiS......c.eeveieieieiuruiieniiieiiiiecietaiieciiicieien Iv-1
B. ODSEIVALONS .euvueiiieeeaneerecocesetssssersssscressscssessssssssssnsasassssnsasacss IV-3




APPENDICES

A: COST EQUATIONS
B: GRAPHIC SUMMARIES OF COST CASES

I-1.
I-2.
I-3.

I-5.
I-6.

II-1.
II-2.
II-3.
II-4.
II-5.
II-6.
II-7.
II-8.
I1-9.

11-10.
I-11.
1I-12.
11-13.
II-1.
II-2.
I3,

LIST OF TABLES

On-Site Verification ACHVItES....ceeeeeeereertitiresstineisesarnecssssansosssnes I-5
On-Site Verification Activities at Storage Facilities........ mreseersecetsnsorinenas I-10
On-Site Verification Activities at Destruction Facilities......cccoceeveeeecnnee I-16
On-Site Verification Activities at Chemical Weapons Production Facilities... 1-22
On-Site Verification Activities at Schedule 1 Facilities. .......c.coeeieeeniaen.. I-24
On-Site Verification Activities at Schedule 2 Chemical Facilities. ............. I-29
Ad HoOC INSpeCtionsS.......ccccevviieermnuniiienrereseesnnnisienteecssissaniscenane I-39
Inspections and Sample AnalysiS.....c.ceeueeeeiriainieiiiioieieciieniiiin. II-2
Regions for Distribution of Facilities ........ccoeiiiiiiiiiiiniiiiiiiiii. II-3
Gateway Cities and Commercial Air Fares .........coceeiiiiiiiiiiiiiiainiiin, II-3
Allocation of Facilities....ccccccceiiruniiiuiciniiiniiieniiiniiiniiiiiietninianen. II-4
Estimated Number of Operational Storage Facilities .........ccceeiuiuiniaianns II-6
Estimated Number of Operational Destruction Facilities.........cccoevnenen.. II-6
Estimated Number of Operational Production Facilities.......ccceeveerisnnnnas II-7
Escort Cost for the Base Case....cccceiiiiiiniiiiniiiiiieieieceiaaineiesncieenes II-9
Representative Team Equipment COStS.....cccovuriiirirnneniniisssnnnecennnns II-11
Representative Central Laboratory Equipment Costs.......cccoeveuiaeincnnnnnns II-13
Cost Estimate for Process Monitoring Equipment.........cccoceveviiiinininne. II-14
Estimated Satellite Remote Monitoring System Cost......ccccviiiiicicerncnans II-15
Estimated Capital Costs (Millions of Dollars)........cccecviiiiiiiinininnnenn. II-15
Base Case Storage Facility Data......ccccccciiiieieiiicncisseccnseenensesnecennen I11-3
Base Case Destruction Facility Data.....c.ccceiieiiiiiieiiiiiiiiecneceraececenens 111-4
Base Case Production Facility Data ....c.cociiiiiiiiniiiiiiiiiiiicicnececnnens III-4




I11-4.
I1I-5.
HI-6.
Im-7.
I1I-8.
I1I-9.

I-10.
OI-11.
II-12.
I-13.
I-14.
III-15.
MI-16.
nI-17.
III-18.
III-19.
II1-20.
oI-21.
n1-22.
1-23.
I1-24.
III-25.

II-1.
III-2.
II-3.
I1-4.

ITI-5.

I1I-6.

Base Case Schedule 1 Chemical Facility Data........... terereerssasesessacenann -5

Base Case Schedule 2 Chemical Facility Data........cccccieiiaiiiiiiieii.. -5
Base Case Ad Hoc InSpections........ccccccccceeecesemmiiniieniiiiienmiieeeece. -6
Base Case COSt FACIOTS covuvueeniereercecisissesentosesssatosssstostsacsasssensanss 1II-6
Case 1 Input Changes.........ceveneererreesenniruiitiniiinimmtientsiiosianscane. II1-7
CaSE 2 ChaNEZES ...euurensiunerssrnnerniernassestassesraenssttastossuaneassusstosses I11-9
CaSE 2 ChaNEES ..ceuuveueiuneeuierseenernesanssasstostistansetomtstnasestasasosees III-10
Case 3 ChanEeS .....cuvvuriuiiuienieneruereerttuiriiruitnstuenottestaniacanticneces II-12
CaSE 3 ChaNgES ..ceuureeniureiunrrnerusrassenstantiistienastasseeseutiastastocies I1I-13
CaSe 4 ChANEES ..cvvueeeniirnirnuirrianeeuesteiitiiententnetniosseosstesstastaees Im-15
£aSE 4 ChANGES .. evuureeneernieirrrniertnasseesttieraieriatatieetonntasssasetonss III-16
CaSE 6 ChaNEES ..ceuuiuneiuiruieruernieruessectuntiiitiimtistantustessussistacnes II1-19
CaSe 6 ChangeS .....cceeurienrruiernerrereuereeseemtuieaennettisnresasstusseasianes I11-20
Case 7 INput Changes ........u.eevnuerereneiinuniiiiiintiiinieiinneeesiieiaee. I-21
Case 8 Storage Facility Data........ccvuieeeneianiiuniiiiiiiiiiiiin. 1I1-23
Case 8 Destruction Facility Data ......ccoeveveeiiiiinieiiiiniiiiiiiiiieiaiiaen. III-23
Case 8 Production FaCilities .....ceeeeereeiniineieeitrieennciiaictiiicsanaacencnnes I1-24
Case 8 Schedule 1 Facilities ....ceeeeiiiiniiiieiuriisiietenccntcceconiciercnccanans I1-24
Case 8 Ad Hoc Inspection Data .....couevenineininiiiieiiiecniiniiencianninaiae. III-25
Sensitivity of Permanent Presence.......coceeuteeiiiiiiiuincasisiiraiiiinnieene. II1-29
Changes to Schedule 1 Chemical Facilities..........coooeviiuiniiiiiiiiininne.. I1-30
Changes to Schedule 2 Chemical Facilities.........ccociuviuiiiiiinnniiniianee. IM1-30

LIST OF FIGURES

International Base Case CoSt....cciveieereeitiaeiaesacateriaseatasantontsscosees -2
Base Case US Cost Profile......cccieiiuiieiiiiitiiiiieiaiirciniieciecnenaecienens III-2
Cost Profiles Base Case: US vs. International Organization............eeeu... 1-3
Case 1 (Doubled Ad Hoc Inspections) vs. Base Case: US Costs, Escorts

INCIUARA. e ineiiiiiieeiieenececntnsereocecacsiasseisssssassenssnsessssnsnncnsans -7
Case 2 (Doubled Routine Inspections) vs. Base Case: US Costs, Escorts

11763 1073 (=7 DU PP PPON -8
Case 3 (Larger Inspection Teams) vs. Base Case: US Costs, Escorts

(173 100 ="« DO TSP Im-11




II-7. Case 4 (Quarterly Routine Inspections) vs. Base Case: US Costs, Escorts

1173 101 (=7 DU TP TR PP PPN 111-14
II-8. Case 5 (Quarterly Routine Inspections Plus Doubled Ad Hoc Inspections)

vs. Base Case: US Costs, Escorts Included ........cccooevineiiiiiiiniiiiii. II-17

" IO-9. Case 6 (Biennial Routine Inspections) vs. Base Case: US Costs, Escorts

INCIUAEA. .. eneeireniieinineirierinenteseetatnesssatiesasassesasssssensenssecsnnsnns ITI-18
II1-10. Case 7 (Biennial Routine Inspections and Halved Ad Hoc Inspections) "

vs. Base Case: US Costs, Escorts Included........c.covvviiiiiinniinininanin, II-21
II-11. Case 8 (CD Example) vs. Base Case: US Costs, Escorts Included........... m-22
I1I-12. Summary of Base Case of 8 Alternatives: Cost to the US, Escorts Included..ITI-26
III-13. Summary of Base Case and 8 Alternative Costs to the International

Organization ... .ccueieieeireiieniniiiitiatrcrueraerastattesasetieeenesanenases IM1-27
III-14. International Organization Base Case 15-Year Cost: 15-Year

COStS = $770 MILLION. .. uuereeninenieriieresieiistiesreesaiararssiesessssssenensenes II1-28
I1I-15. Sensitivity to Overhead Factor: 15-Year Cost to International Organization. III-29
II1-16. Sensitivity to the Number of Schedule 2 Chemical Facilities: 15-Year

Cost to International Organization .........ceceeveeneieieieseircareenesseseaencncns I1-31
III-17. Sensitivity of US 15-Year Costs to US Contribution to International

Organization for Base Case........cceevuiueieneirieieiieniiiecinianieieeencannees Im1-31
B-1. US Base Case Cost Profile: 15-Year Cost to US = $363M...........c..u..... B-1
B-2. International Organization Base Case: 15-Year Costto US =$770M......... B-2
B-3. Case 1: US Base Case with 1200 Ad Hoc Inspections: 15-Year Cost

tOUS = B475M ..iiiiiininiiiiiiiiiiiiiiitetenitteasatttttasnsasssassenesnnns B-3
B-4. International Organization Case 1 Cost vs. International Organization

Base Case: 15-Year International Organization Cost = $1,052M............. B-3
B-5. Case 2: Base Case with Doubled Routine Inspections: 15-Year Cost

TOUS =B464M ....ciiiiiiiiiiiiiiiciiiiiiaratiieiirataieistettsscesasssnenes B-4
B-6. International Organization Case 2 Cost vs. International Organization

Base Case: 15-Year International Organization Cost = $918M................ B-4
B-7. Case 3: Large Inspection Team Size: 15-Year Cost to US = $572M......... B-5
B-8. International Organization Case 3 Cost vs. International Organization

Base Case: 15-Year International Organization Cost = $1,298M ............. B-5
B-9. Case4: Quarterly Routine Inspections: 15-Year Cost to US = $628M...... B-6
B-10. International Organization Case 4 Cost vs. International Organization

Base Case: 15-Year International Organization Cost = $1,238M ............. B-6
B-11. Case 5: Quarterly Routine Inspections Plus 1,200 Ad Hoc Inspections:

15-Year Cost to US =8741M....cuiiiuiiiiiiiiiiiiiieiiitatnacecncnssescacaannes B-7
B-12. International Organization Case S Cost vs. International Organization

Base Case: 15-Year International Organization Cost = $1,520M ............. B-7
B-13. Case 6: Biennial Routine Inspections: 15-Year Cost to US = $305M ....... B-8
B-14. International Organization Case 6 Cost vs. International Organization

Base Case: 15-Year International Organization Cost = $628M.........c.c.c... B-8

xi




B-15.

B-16.

B-17.

B-18.

Case 7: Biennial Routine Inspections and 300 Ad Hoc Inspections:

15-Year Cost to US = $255M .. uuiuiiiinieiruiuieienarasesisaciotisnsmsssssoses B-9
International Organization Case 7 Cost vs. International Organization

Base Case: 15-Year International Organization Cost = $539M................ B-9
Case 8: An Example From the Conference on Disarmament:

15-Year Cost to US = $750M .. uiiieniniiniuiiiiiiirisaneoiesetucistosannenaenes B-10
International Organization Case 8 Cost vs. International Organization

Base Case: 15-Year International Organization Cost=$1,771M ............. B-10




EXECUTIVE SUMMARY

A. TASK DESCRIPTION AND RATIONALE

The Institute for Defense Analyses was tasked by the Office of the Assistant
Secretary of Defense (Atomic Energy) to develop a framework for estimating verification
costs and to provide initial cost estimates to the United States under a multilateral Chemical
Weapons Convention. This paper documents the results of that task and demonstrates the
method used to estimate on-site inspection costs.

The draft Chemical Weapons Convention now under negotiation at the 40-nation
UN Conference on Disarmament is a comprehensive disarmament agreement. The
prototype Convention is designed both to eliminate chemical weapons and to detect and
thereby deter any attempts thereafter to produce chemical weapons.

An International Organization will be established by State Parties to the Convention,
and under that body a Technical Secretariat will be entrusted to implement the verification
and monitoring functions. An International Inspectorate, acting as a unit under the
supervision of the Technical Secretariat, will then carry out an extensive on-site verification
regime.

State Parties are obligated under the Convention to declare chemical weapon
stockpiles, chemical weapons related facilities, and facilities in the chemical industry that
are relevant for purposes of chemical weapons production. During the first 10 years after
the Convention enters into force, on-site inspections will be conducted at storage,
destruction, and chemical weapon production facilities to confirm the accuracy of reported
stockpiles and to monitor the elimination of chemical weapons and related weapon
production facilities. For the lifetime of the Convention, on-site inspections will be carried
out at industrial facilities to confirm that chemical weapon precursors that are produced or
used for commercial applications are not diverted to the production of chemical warfare
agents. |

Under the Convention, costs will accrue to establish and maintain the International
Organization responsible for implementing the verification measures related to on-site
inspections, installation and maintenance of monitoring equipment, sampling and analysis,
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and review of data. State Parties to the Convention will fund the International
Organization, and as a State Party the United States will bear some fraction of those costs.

The US will incur additional costs beyond the international contribution to cover
inspection team escorts and additional security and protective measures. The United States
also will have to fund its own domestic National Authority, which will demonstrate US
compliance with the Convention, compile national data, and interact with the International
Organization.

The draft status of the Convention precludes definitive estimates of all US costs to
implement and comply with a final Convention. Many aspects of the Convention which are
crucial to final costs will be added to complete treaty text as negotiations continue. Yet a
firmer understanding now of required resources will support implementation planning at
the Department of Defense.

Estimates of the costs to implement on-site inspections help to approximate the
resources needed to match the requirements of current language in the draft Convention.
Initial estimates from a draft Convention may differ from final outcomes, but they provide a
means to evaluate options and compare alternatives. Cost profiles presented in this paper
show the difference in the costs for inspection teams composed of 6 and 10 inspectors and
the effect of increasing or decreasing the frequency of inspections.

B. APPROACH

The cost structure developed in this paper addresses two areas of uncertainty about
a verification regime for the Chemical Weapons Convention. First, since many areas of the
Convention have not been elaborated, an inspection framework was constructed to describe
on-site activities under titled inspections or visits. The language of the evolving
Convention, called the "Rolling Text," was followed, and the working papers submitted by
delegations to the Ad Hoc Committee were integrated in this framework to forecast what a
final Convention might look like. (Chapter I of this document discusses the framework in
detail.) In the second area of uncertainty, estimates were made as "place-holders” for
resources required to implement verification provisions. Estimates were made for the yet
unknown number of declared facilities, for the duration and frequency of inspection, and
the size of the inspection teams (Chapter IT). These estimates were developed from
discussions with officials representing national governments and industry and
supplemented by reports from National Trial Inspections and other sources of expert
opinion. Third, resource estimates were combined with the inspection framework to
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generate a base case cost example (Chapter III). The base case was then varied, by
changing the resource estimates, to show alternative cost profiles for eight additional cases.
Finally, US government costs were derived by assuming a percentage contribution from
the US to the International Organization and adding to this total the costs of providing
escorts for inspections in the United States. Chapter IV discusses the limitations of the
analysis and notes several observations which follow from the analysis and from
discussions with individuals in the chemical weapons and arms control community.

The draft Convention portrays verification objectives under the broad heading of
"systematic international on-site verification through on-site verification and monitoring."
Related on-site inspection activities, and inspection titles, are not identified consistently
throughout the Convention. Procedures defining "systematic verification" and the Protocol
for the conduct of inspections require substantial elaboration.

The inspection framework is thus drawn as a composite of several sources. For
costing purposes, on-site inspection activities are described as discrete events to identify
expenses related to implementing "systematic verification." On-site inspections and on-site
visits are given titles that match the purpose given for verification or an aim stated in the
Convention. Some of the inspection titles adopted in this paper to categorize inspection
activities, i.e., installation visit, closure inspection, site elimination inspection, elimination
inspection, and close-out inspection are not listed as titles by the draft Convention text but
are nonetheless consistent with objectives depicted in the treaty.

C. TYPICAL RESULTS

Typical results obtained in this paper are displayed in Figure ES-1, which compares
annual costs for the international organization to the cost for the US over 15 years follow-
ing entry into force (EIF) of the CWC. The inspection-related activities for the number of
declared facilities assumed in this paper will cost the International Organization on the order
of $800 million over 15 years. As noted earlier, the United States would be responsible for
a portion of that overall cost and for all costs associated with escorts for inspections at US
facilities, a total somewhat below $400 million.! Chapter III presents a spectrum of results
for alternative assumptions and the sensitivities of the costs to certain key factors.

1 All costs in this paper can be taken to be in constant 1990 dollars.
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I. ON-SITE INSPECTION FRAMEWORK

A. INTRODUCTION

This chapter presents an inspection framework that was developed to estimate
verification costs associated with a multilateral Chemical Weapons Convention (CWC) now
being negotiated.! The Convention is designed both to eliminate chemical weapons and to
detect and thereby deter any attempts thereafter to produce chemical weapons.

An International Organization will be established by State Parties to the Convention,
and under that body a Technical Secretariat will be entrusted to implement the verification
and monitoring functions. An International Inspectorate, acting as a unit under the
supervision of the Technical Secretariat, will then carry out an extensive on-site verification
regime. That regime will entail a number of on-site inspections and visits to storage,
destruction, chemical weapon production and relevant industrial chemical facilities for the
purpose of verifying the State Parties' compliance with the Convention and separate facility
agreements.

The framework for estimating verification costs was constructed by drawing from
working documents of the Ad Hoc Committee negotiating the Convention and and
supplemented by other sources. Where possible, the language of the evolving Convention,
called the"Rolling Text," was followed, but the framework structures verification
objectives for costing purposes so that estimates may be used to demonstrate resource
requirements to implement the Convention.

Judgments are adopted in the framework where aspects of a final verification
regime are not yet known. The draft Convention is inconclusive on key implementation
issues that will drive costs. Moreover, total costs ultimately will depend on the number of
facilities monitored by the International Organization.

1 The latest version of the draft Chemical Weapons Convention, also called the Rolling Text, is in the
Conference on Disarmament Document, CD/961, 1 February 1990. The Rolling Text in Appendix I
of CD/961 comprises 20 Articles and 8 Annexes. Papers included in Appendix II represent working
discussions at the Conference for later inclusion in the draft Convention.
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A final Convention will address the size of inspection teams2 and will elaborate
guidelines3 for determining the frequency and number of inspections. Further, on-site
inspections will be conducted in conformance with individual inspection plans and detailed
measures developed as "facility agreements."4 These facility agreements will be negotiated
between the International OrganizationS and the State Party after the Convention enters into
force and will take into account the unique characteristics of each facility. International
Inspectors will then follow the facility agreements regarding the rights of the inspected
facility, access for inspectors, duration and intensity of inspections, and sample and
analysis procedures.® The agreement also will specify whether on-site instruments will be

used to monitor a facility.

The terms of a final Convention and the criteria mentioned above will determine the
workload of the Organization and the required size of the International Inspectorate. The
inspection framework addresses the incomplete provisions of a final Convention by
structuring verification objectives as on-site activities. The resource base to support the
inspection framework is then derived from estimates for the undetermined factors and
calculated in a cost model. Resource requirements thus determined demonstrate the "on-
site verification and monitoring" depicted in the Convention.

Verification objectives are linked to facilities inspections and visits and are
described in three categories of activities: On-site Inspections (OSI), On-Site Visits (OSV),
and verification by the Permanent Presence (PP) of inspectors. As the modalities and
procedures for on-site verification are being considered, representative inspection team
activities are presented to illustrate stated verification aims or a purpose given in the
Convention for on-site verification.” Where the Convention gives the aim as "verifying the

2 Team size is currently addressed in the draft CWC by the following language. "[An inspection team
conducting routine inspections pursuant to Articles IV, V, VI, shall include no more than (xx)
inspectors and (xx) inspection assistants.]" Protocol on Inspections, page 136.

3 CD/961 Annex to Article IV, Section II, paragraph 5(f)(ii) "(The guidelines for determining the
frequency of systematic on-site inspections are to be elaborated.)” page 71.

4  r Facility Agreement' means an agreement between a State Party and the Organization relating to a
specific facility subject to routine inspection.” CD/961 Protocol on Inspection Procedures, page 117.
Facility agreements will be based on a generally applicable models. CD/961 now includes draft models
for storage facilities, Schedule 1 and Schedule 2 facilities, although additional work is required on these
model agreements.

5 CD/961 Article VIII, would establish the "Organization for the Prohibition of Chemical Weapons".
"International Authority" is also used to refer to the International Organization.

CD/961 Annex on the Protection of Confidential Information, page 61.

Inspection activities are developed from a composite of sources to describe inspection team procedures.
Our objective in this framework is to identify the cost elements of implementing the on-site
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declaration," the framework describes inspector tasks to confirm the information in the data
declaration on the types and numbers of chemical weapons reported for the facility.

Resource estimates are used to approximate the level of effort required for each
category of on-site activity for every type of facility monitored by the International
Organization. For each on-site inspection or visit, the size of inspection teams, the
duration of the inspection or visit, and additional time for team preparation and recovery are
represented as estimates. Further estimates are made for the frequency of inspections and
the number of facilities worldwide. These estimates are then varied in eight different cases
to give illustrative costs associated with increasing or decreasing the frequency or number
of inspections and the size of inspection teams.

In the current Convention, the titles Initial Inspection, Initial Visit, Permanent
Presence, and Routine and Periodic Inspection are used. Additional verification is
acknowledged under the broad heading of "systematic international on-site verification
through on-site verification and monitoring." '

Titles for on-site inspections and visits are adopted in this framework to categorize
the objectives of systematic verification and, furthermore, to identify specific events for
costing purposes. For while the Convention recognizes certain on-site activities, such as
equipment installation, "inspector presence to witness destruction,” and final on-site
certification of the destruction of chemical weapons, these objectives are not specifically
titled as inspections. This inspection framework follows the stated objective by adopting
the titles Installation Visit, Closure Inspection, Site Elimination Inspection, Elimination
Inspection, and Close-out Inspection. A final category of on-site verification, Ad Hoc
Inspection, is used as the title for the additional regime proposed by some delegations to the
Ad Hoc Committee of the Conference on Disarmament.

Inspection team activities are described for all on-site inspections and visits at
facilities declared under Articles IV, V, and VL

Initial Inspections and Initial Visits are conducted at declared facilities to
verify the accuracy of each State Party's declaration and to obtain planning information for
the design and conclusion of facility agreements.8 Installation On-Site Visits are

verification objectives. Thus, this paper focuses on the aims or purposes listed in the draft CWC and
does not discuss technical aspects related to how the objectives will be achieved.

8  Two different terms are used in the draft CWC to refer to similar activities for the first on-site presence;
initial on-site inspection and initial visit. "Initial Inspection” is used in The Protocol on Inspections,
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carried out to initiate the verification measures outlined in the facility agreement for each
facility by installing monitoring equipment. Alternatively, systematic verification is
initiated when directed by the Technical Secretariat to establish a Permanent Presence of
inspectors to monitor facilities on a continuous basis.

During the 10-year destruction period, several types of Routine Inspections will
be conducted on a routine® or periodic basis to exercise agreed verification measures at all
declared facilities dealing with storage, destruction, chemical weapon production and
related activities, and Schedule 1 and Schedule 2 chemicals. (Schedule 1 chemicals
primarily include known and tested chemical warfare agents or chemicals closely related to
the known agent; they have limited commercial application. Schedule 2 chemicals are
precursors to chemicals found in Schedule 1 and are produced substantially in commercial
industry.) Routine inspections will reoccur throughout the destruction period at all declared
facilities and thereafter at Schedule 1 and Schedule 2 chemical facilities to continue
monitoring permitted activities.

The Technical Secretariat will select facilities for inspection on a roufine basis using
a selection process that will not allow sites to predict exactly when they will be inspected.
The Technical Secretariat also will direct, on a periodic basis, on-site inspections to
coincide with planned elimination activities to verify that the facility is complying with the
detailed obligations and plans set forth for each facility. On-site verification at destruction
facilities will take place during Active Destruction Periods by the Permanent Presence of
inspectors. At chemical weapon production and related facilities, Closure Inspections,

which was added only in January 1990 to Appendix 1. "Initial Visit" is still found in the draft text.
We retain the use of initial visit for the first on-site presence at Schedule 2 facilities. Initial visits were
conducted at commercial facilities during National Trial Inspections prior to actual inspections to
familiarize the inspection team with the facility.

9 As discussed in the proceedings of the Conference on Disarmament, routine on-site verification has two
meanings: routine implies both a TYPE of inspection and a reoccurring EVENT. First, "Routine
Inspection” is used to contrast routine inspection from proposed on-site verification by Challenge On-
Site Inspection or Ad Hoc verification. Under this meaning, routine inspection is a type of inspection
that takes place at all declared facilities. See CD/961, page 119: " Routine Inspections’ means the
systematic, on-site inspection [subsequent to initial inspections] of facilities declared pursuant to
Articles IV, V, VI and the Annexes to those Articles.” Second, the term "routine basis" is used to refer
to the fact that these inspections reoccur in a regular manner by an unpredictable selection method. See
CD/961, page 106: "Each facility notified to the Technical Secretariat under this Annex shall be
subject to systematic international on-site verification on a routine basis.” This usage then contrasts to
the term "periodic on-site inspection.” (CD/961, page 19), which is used to denote repeated on-site
verification at irregular intervals at chemical weapon production facilities. By illustration this implies
that chemical weapon production facilities will be subject to Routine Inspections which will occur on a
periodic basis according to verification requirements designed for the facility.
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Site Elimination Inspections and Elimination Inspections will occur to confirm
that the facility remains closed and that declared equipment and buildings housing the
equipment are eliminated. A last category of routine on-site verification, described herein
as Close-Out Inspections, will take place to certify completion of destruction and of all
agreed obligations regarding chemical weapons, thereby ending systematic monitoring of
facilities.

Ad Hoc Inspections, as proposed, will take place on short notice at all declared
"chemical weapon capable facilities" as they are selected from national registries of industry
throughout the lifetime of the Convention.

Table 1-1 shows the verification activities for which cost estimates are presented in
this paper. Additional on-site verification concepts and activities may be included in the

final Convention.
Table I-1. On-Site Verification Activities
TYPE OF INSPECTION FACILITY
“ INITIAL INSPECTION Storage, Destruction
Chemical Weapon Production
Schedules 1 and 2
" INITIAL VISIT Schedule 2
INSTALLATION VISIT Facllities selected for
instrument monitoring
® PERMANENT PRESENCE Destruction
Storage (Interim)
* ROUTINE AND PERIODIC Storage
INSPECTIONS Destruction
Chemical Weapon Production
Schedules 1 and 2
CLOSURE INSPECTION Chemical Weapon Production
SITE ELIMINATION Chemical Weapon Production
INSPECTIONS
ELIMINATION INSPECTIONS Chemical Weapon Production
Destruction
CLOSE-OUT INSPECTIONS Storage, Destruction
Chemical Weapon Production
AD HOC INSPECTIONS All Declared and
Nationa! Registry Facllities**

* Indicates tities found in the draft Convention.

** Proposed National Registers would list all relevant facilities of the chemical industry. See CD/869,
CD/CW/WP.210, 6 September 1988, Federal Republic of Germany, Working Paper, Verification of Non-
Production of Chemical Weapons, Ad Hoc Checks.



B. VERIFICATION PROVISIONS FOR STORAGE AND DESTRUCTION
FACILITIES

The verification regime for storage and destruction facilities is given in Article IV
and the detailed Annex. Systematic verification of facilities declared under Article IV is
ensured by permitting access to chemical weapons at these facilities for on-site inspections
and continuous monitoring with instruments. Or, if selected by the Technical Secretariat,
some facilities will be monitored by the continuous presence of inspectors. Detailed
inspection procedures will be elaborated in the facility agreements for the conduct of
inspections and the use of monitoring instruments10 at each facility and specify on-site

monitoring instruments.

The draft CWC describes the verification process from confirming data
declarations, designing inspection procedures and installing instruments as a sequence of
activities after team arrival on site.!! In this framework on-site verification at storage
facilities is depicted by a series of on-site activities.

1. Storage Facilities

Storage facilities are the declared locations where chemical weapons are held until
the weapons are removed to a destruction facility.12 The verification aim is to account for
all chemical weapons once declared by the State Party and thereafter to continuously

monitor stockpile storage.

10 CD/961 "Agreements on subsidiary arrangements” for Storage Facilities, page 68 and in the Model for
Agreement, pages 173 - 177; Destruction Facilities, page 77.

11 The feasibility of installing the monitoring system, i.e., "initiating systematic monitoring"” at the
same time chemical weapon stockpiles are confirmed would depend on several factors. 1) Facility
agreements would have to be concluded before or during the initial inspection. 2) The declaration
submitted to the International Organization would need to incorporate sufficient detail on characteristics
of the facility to allow the initial inspection team to bring with them pre-agreed types of equipment.
The declaration would also need to be reviewed by technicians familiar with installation and operation
of monitoring systems. 3) Installation of the monitoring system during the initial inspection also
assumes that a prior on-site engineering survey (recognized in the Protocol on Inspections, page 137)
of the facility characteristics is not essential although it is generally recognized that detailed
information on the sites concerned will be necessary to plan and build the monitoring system. 4) The
State Party would have to have completed site preparation at the facility for installation. This would
include completion of arrangements for "necessary utilities", "basic construction materials” and
logistical support for the transport of "installation tools, materials and equipment from the point of
entry to the inspection site”. See CD/961 page 137.

12 CD/961 Article IV Chemical Weapons, pages 16 - 17 and the Annex to Article IV, pages 65 - 80.
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"Systematic monitoring"13 of storage facilities implies the uninterrupted
surveillance of chemical weapons. To ensure continuous surveillance, monitoring devices
will be installed and the International Inspectorate will conduct routine on-site inspections.
The draft CWC provides for verification by the permanent presence of inspectors when the
Technical Secretariat determines that on-site monitoring with devices is not feasible for a
particular facility.

a. Initial Inspections

The purpose of an initial inspection of a storage facility is to verify the accuracy of
the information submitted by the State Party in the data declaration, develop the facility
agreement and thereby plan future verification activities.

Inspectors will confirm that chemical weapons and facilities under control of the
State Party are declared correctly by identifying the quantity of chemicals in the inventory,
the form of storage, and the types and numbers of stored munitions, devices and
equipment. Inspectors will check characteristics of the chemical stockpiles such as weight
and fill of the declared items. Several options to achieve this verification aim are under
discussion; they range from sampling every munition to relying on non-destructive
interrogation techniques such as ultrasonics. 14

The initial inspection is also undertaken to familiarize the inspection team with the
unique features of the facility. The inspection team may then recommend which monitoring
devices will be installed for surveillance and containment. Other advance preparations may
be necessary to plan instrument installation; inspectors may observe facility boundaries,
buildings, and supporting infrastructure-like utility lines. Inspectors will evaluate how the
State Party stores chemical weapon stockpiles, determine whether inventory markers can be
placed according to recommendations by the State Party, and judge stockpile configuration
for access in future inspections. All storage areas and bunkers may be inventoried and the
declared items sealed and marked. One of the proposed procedures for inventory control
methods involves counting and tagging individual munitions.

The facility-specific nature of these activities suggests that initial inspections may be
both labor- and time-intensive. The IDA estimate includes one initial inspection for 15 days
on site by a team of six persons. This is assumed to be a minimum requirement if an

13 CDM61 Article IV and the Annex to Article IV, Section II, paragraph 4(b) page 69.

14 Non-intrusive analytical techniques for inspection and verification are presented in CD/CW/WP.269, 12
January 1990, submitted by the United Kingdom of Great Britain and Northern Ireland.

I-7




extensive inventory is made of all munitions and bulk agents stored at the site. Ten days'
preparation and recovery time is assumed per inspection to review the declaration and

storage procedures.

b. Permanent Presence (Interim)

The draft Convention provides for the continuous presence of inspectors when
facility agreements have not been completed and in the period before the monitoring system
is installed and activated. The Convention now requires that the facility agreement be
completed within 6 months after the Convention enters into force, yet the Initial Inspection
is to occur promptly after a State Party submits a declaration--required within 30 days after
the Convention enters into force. Therefore inspectors may be required to stay at the
facility until remote monitoring becomes active. This interim presence may be withdrawn
when a continuous monitoring system is installed unless the Technical Secretariat
determines that both inspector presence and instrument monitoring are required. Our
estimate for 24-hour coverage of the facility includes four inspectors on site for a maximum
5-month period.15

c. Installation Visit

The installation of on-site instruments initiates systematic verification cited by the
CWC. After the declared inventory is confirmed during an initial inspection, stockpile
storage areas will be secured and monitored thereafter by instruments to detect any attempts
to remove chemical weapons. This verification aim is supported by methods proposed to
seal or create entry barriers to storage areas. Surveillance and other equipment may include
tamper-indicating seals, tags, video systems, sensors, and data authentication means.16

We count installation activities as a separate on-site visit. Our estimates assume that
a team of five inspectors or skilled technicians is required on site for 5 days to install and
conduct initial tests and certify equipment operation. Ten additional days are allotted for
teams to review the site layout and plan work schedules.

15 CD/961 brackets the time frame for conclusion of the agreement at six months. As implied by the
brackets, this time period has not been agreed on. See Annex to Article IV, Section II, paragraph 3(a),
page 68 and 5(c), page 69.

16 The Report of the Technical Group on Instrumentation discusses surveillance and containment, page
20.




d. Routine Inspection

The International Inspectorate will conduct routine inspections at storage facilities to
confirm that the inventory remains as secured. Since following the draft CWC, inspectors
will be present when chemical weapons are removed (discussed below under transfer
activities), inspection teams will confirm that the inventory has not changed otherwise.
Chemical weapons may remain in secure storage areas until State Parties have operational
destruction facilities. Inspection teams may carry out routine inspections for several years
at the same storage site to check inventory status until all chemical weapons are taken to
destruction sites.

As they are now proposed, routine inspections include but are not limited to the
following verification measures. Inspectors will choose inspection areas from permitted
access arrangements for the facility. Inspection teams will select sealed storage areas and
then determine a percentage of the inventory to be verified in that storage area. Inspection
teams will examine, remove, and apply seals to chemical munitions, storage areas or bulk
containers. Inspectors also may request samples from bulk containers and then may
analyze these samples at the facility or, if permitted, in off-site laboratories. If samples are
transferred for off-site analysis, inspectors will follow procedures to ensure the chain of
custody and confidentiality of the samples.17 Inspectors also will make routine checks of
the monitoring system.

The International Authority will select facilities for inspection using a selection
process that will not allow the sites to predict exactly when the inspection will occur. The
frequency of inspections will depend on the specific facility agreement.18 The IDA esti-
mates assume annual routine inspections at storage facilities by an inspection team of six. 19

e. Permanent Presence

The International Authority also may establish a permanent on-site presence of
inspectors when the combination of instrument monitoring and on-site inspection is not

17 procedures for handling samples will involve packing samples in airtight containers and labeling
relevant information. See Technical Evaluation of Selected Scientific Methods for the Verification of
Chemical Disarmament, The Ministry For Foreign Affairs of Finland, page 31. Also see CD/961,
pages 132-133.

18  Annex to Article IV, Section II, Paragraph 5.(f)(ii), page 71.

19 CD/961 Annex to Article IV, Section II, paragraph 3, page 68: "Such agreements shall be based on a
Model Agreement and shall specify for each storage facility the number, intensity, duration of
inspections, detailed inspection procedures and the installation, operation and maintenance of the seals
and monitoring devices by the Technical Secretariat.”

19




found feasible for the facility. Inspectors will perform'thc tasks described above for
routine inspections including verifying the stockpile integrity by randomly selecting sealed
storage areas for inspection. A permanent presence beyond a maximum 5-month period

(interim) is not considered in our estimates. *

f. Closeout Inspection

The International Inspectorate will conduct a final on-site inspection of each storage
facility when all chemical weapons have been taken to destruction sites. This one-time
inspection will be documented in a final report to the Technical Secretariat. Inspectors will
certify the complete removal of all chemical weapons, systematic monitoring will end, and
inspection teams will remove equipment. Our estimate involves two inspectors on site for
2 days with an additional 8 days for planning instrumentation removal.20 Table I-2
summarizes the inspection framework pertaining to on-site activities at storage facilities.

Table I-2. On-Site Verification Activities at Storage Facllities

ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
RECOVERY Oosi/osv (YEAR)
{DAYS) {DAYS)

INITIAL_INSPECTION 6 15 10 2 1
+ Verlly Data Declared
- confirm information on quantity, identity
and form of storage {types, numbers of
munitions, devices & equipment)
. 0bll!n Pl:.nnlng information
- 9, o o

, age areas, & inventory
- survey for seal placement
+ Work On Facliity Agresment
. :ﬂciyun?r’nbor, lensity, duration,

* Inventory Control

PERMANENT PRESENCE (INTERIM) 4 150 - 150 1
« Monitor by obssrvation until system
installed and activated

INSTALLATION WVISIT

« inltiate Instrument Monloring
- install, certify & test instruments

« Sascure Inventory
- seal or establish barriers

..........................................................................................................................

BOUTINE INSPECTION

. Vulll‘yd :::vomory Status
- 80l ms, areas and percent to inspect
- confirm seal integrity

- sample and

« Check Monitoring System
- comrect functioning of instruments
- seals secure

+ Document removal
- centily in final report
« Terminate Monltoring

20 Additional technical support personnel also may be needed for the removal of equipment although this
is not represented in the estimates of team size.
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2. Transfer Activities: Storage to Destruction

Inspectors are to be present when chemical munitions and chemical weapons are
removed from secure storage facilities for transport to destruction sites.2! Transfer
verification requirements may be thought of as notification on-site activities since State
Parties will notify the Technical Secretariat of the intended purpose and timing of stockpile
removal.22

Inspectors will watch the loading of chemical weapons into vehicle transports and
then will validate the remaining storage inventory. In so doing, inspectors will examine,
remove, and replace inventory seals on monitored items. Inspectors will seal transports to
prevent tampering, diversion, or substitution of the inventory. Inspectors will then verify
the accuracy of the monitored inventory when the cargo arrives at the destruction site.

Verifying the transfer of chemical weapons is indispensable to the Convention's
mandated goal of maintaining a chain of custody for declared inventories. Resource
estimates are difficult to calculate although several variables can be identified that will affect
the requirements for these related inspection activities: the proximity of storage sites to
destruction facilities, the size and type of the shipment, the mode of transport, and country-
specific considerations such as safety standards and other national regulations. For
example, in the United States storage and destruction facilities are, on average, within a
mile of each other. By comparison, the Soviet Union has a large stockpile, and many
transfer inspections may be required if destruction facilities are built but not collocated with
stockpile storage. Because of these complexities, we have not attempted to estimate costs
corresponding to Transfer Activities.

3. Destruction Facilities

Destruction facilities are declared facilities where chemical agents and munitions are
destroyed by an irreversible process. As mandated by the CWC, destruction will occur at
facilities designed, constructed, equipped and operated for destruction of chemical
weapons. Or a State Party will be allowed to convert a production facility on a temporary
basis to destroy chemical weapons.

The objective of on-site verification is to confirm that the quantity of chemical
weapons identified in the declaration is accounted for throughout the process of destruction

21 CD/961, Annex w Article IV, Section II, paragraph 6, page 71.
22 CD/961, Annex to Article IV, Section II, paragraph 6 (a), page 71.
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and to prove that the weapons are indeed destroyed.23 Systematic verification for the active
destruction of chemical weapons involves "the continuous presence of inspectors and
continuous monitoring with instruments."%

The International Organization will monitor the destruction of chemical weapons
through reviews of annual implementation plans received from the State Parties, through
the presence of inspectors during active destruction periods, and through surveillance
equipment during inactive periods if chemical weapons are present on site.

Verification provisions in the Annex to Article IV describe the responsibilities of the
State Party. Beyond general guidance on environmental safety and the requirement that the
process can be adequately verified, each State Party determines the destruction method.25
The destruction process chosen--such as direct incineration and detoxification before
incineration--must result in end products that cannot be used as chemical agents, munitions,

or devices.

The order of destruction for chemical weapons is a contentious topic in the
multilateral negotiations26 and therefore has yet to be elaborated for inclusion in
Convention text. However, the order of destruction pursued is intended to create
confidence in the Convention in the early stage by building on "the undiminished security
for all States."27 The draft CWC recognizes destruction stages of nine annual periods
although the negotiators have not yet agreed to the amount to be destroyed by each State
Party and the manner in which this percentage will be measured in each annual period.28
We have assumed in our estimates that the destruction phase ends no later than 10 years
after the Convention enters into force.

23 CD/961 Annex to Article IV, Section V, 1, page 75.
24 CD/961 Article IV, paragraph 6, page 17.

25 (CD/961 Annex to Article IV, Section III, paragraph 2, page 73. "The following processes may not be
used, dumping in any body of water, land burial, or open pit burning.”

26 The consultations held on the order of destruction by the Chairman of Group B in 1988 are reported in
Appendix II, Principles and Order of Destruction of Chemical Weapons, pages 153 - 154. Also
CD/822 of 29 March 1988 includes a proposal for a phased destruction approach that includes advance
destruction by the largest chemical weapons states. The order of destruction is also addressed in the
bilateral discussions between the United States and the Soviet Union.

27 CD/961, Annex to Article IV, Section IV, paragraph 1, page 73.

28 CD/961, Annex to Article IV, Section IV, paragraph 2, page 74.
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a. Initial Inspection

The verification purpose of an initial inspection is to confirm the State Party's
declaration on the location, quantity, and inventory of chemical weapons and information
from the "General Plan" for destruction including method and schedules.29 In addition, it
may confirm the information in the "Detailed Plan"30 when the State Party has submitted a
specific destruction plan in advance of the destruction period for individual facilities.

Verification activities during initial inspections will vary with respect to the status of
individual facilities and when the inspection occurs. Although each State Party will submit
a General Plan for destruction when the declaration is submitted, many State Parties will
not have existing facilities ready to begin actual destruction. Consequently, initial
inspections may be conducted to meet on-site verification objectives described in the
following paragraphs.

An initial inspection may be carried out to confirm details of the combined
destruction and verification plan or to judge how monitoring equipment might be adapted to
the specific destruction method used by the State Party.

An initial inspection at a State Party's facility for which a Detailed Plan has been
submitted for specific destruction will involve inspection tasks to confirm the additional -
information on the aggregate quantity of chemical weapons to be destroyed at the individual
facility. Also, if chemical weapons are present at a destruction facility, then the inspection
team will confirm the inventory of declared chemical weapons and begin control procedures
to monitor and secure stockpiles.

An initial inspection also may be conducted as an engineering survey to evaluate the
State Party's plan to destroy specific types and quantities of chemical weapons in planned
periods. Inspectors may need to assess the destruction method with respect to capacity,
schedules and storage for different types of chemical weapons or agents.

An initial inspection will require at least six inspectors on site for 10 days when the
inspection is conducted primarily for planning purposes. In addition, 15 days are added
for preparation of engineering reviews before team arrival.

29 The format of the General Plan is given in the Annex, page 75.
30 The format for the Detailed Plans are given in the Annex to Article IV, on page 75-76.
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b. Permanent Presence (Interim)

An interim presence may be required if chemical weapons are stored at holding
areas at declared destruction facilities. The draft Convention calls for the presence of
inspectors on site to observe chemical weapon stockpile storage until systematic monitoring
is initiated by the installation and activation of monitoring equipment.31

Since the Convention now allows 6 months for completion of the facility
agreement, an interim permanent presence would be required only if there were "chemical
weapons storage facilities at chemical weapon destruction facilities” and when the Initial

Inspection was to occur promptly after submission of a declaration.32

To develop annual cost estimates, four destruction facilities are assumed to be
operational in the first year after the Convention enters into force.3 The estimates include
an interim presence of four permanent inspectors for a maximum 5-month period to
implement the verification provisions outlined for storage facilities.34

c. Installation Visit

Continuous monitoring of the destruction process is considered critical to the
systematic verification goals of the CWC. Extensive effort has gone into analyzing
equipment to support this aim although concrete examples of a destruction facility and
process are found only in the US--the only nation with an operational destruction facility.

This study does not assess potential technology applications. However, in order to
extrapolate cost elements related to CWC verification, we count on-site visits to install
monitoring devices. Devices that weigh or count munitions may be utilized, or equipment
may be installed to allow sample collection from key points in the destruction process.

31 see CD/961.

32 See CD/961, Chemical Weapons Storage Facilities at Chemical Weapons Destruction Facilities,
Annex to Article V, page 79 and paragraph 5, page 69.

33 A schedule for operating destruction facilities cannot be forecast from present information on only the
planned U.S. facilities. However, by illustration, if the Convention enters into force three years hence,
the United States may be operating two facilities and the Soviet Union may be involved in destruction
at one or more facilities. A few nations may be ready to destroy abandoned munitions discovered on
their territory. Converted production facilities also may become operational the first year.

34 D961, page 80: "As soon and as long as chemical weapons are stored at chemical weapons storage
facilities at chemical weapon destruction facilities, these storage facilities shall be subject to
international systematic monitoring, as referred to in relevant provisions of paragraph 5 of section II of
the present Annex, in conformity with the relevant agreements on subsidiary arrangements or, if no
such agreement has been concluded, with the agreed combined plan for destruction and verification.”
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Additionally, surveillance and containment equipment may be required to monitor
remaining stockpiles during periods of inactivity.33

A team comprising appropriate technical specialities and support personnel is
assumed necessary to carry out the installation, testing, and certification of monitoring
equipment. Installation of equipment is assumed to require five people on site for 5 days
with an additional 15 days added for review of instrumentation procedures for the facility.

d. Permanent Presence: Active Destruction

Article IV calls for the continuous presence of inspectors and continuous
monitoring with on-site instruments to verify the destruction of chemical weapons and
agents. The Technical Secretariat will determine requirements for the presence of an on-site
inspector during planned destruction activities when the State Party plans are received and
reviewed.36

The verification objective is to oversee all facility activities related to destruction and
process monitoring equipment. As outlined by the Annex, inspectors may monitor by
either observation or devices.37 Inspection teams will monitor the movement of chemical
weapons, ensure that diversion does not occur, and maintain the accuracy and calibration of
the monitoring equipment.

Inspectors will monitor the material balance as materials pass through the
destruction process and are destroyed. Inspectors will then certify the designated quantity
destroyed in each destruction period. Inspectors may chose items for inspection in
accordance with the facility agreement and request samples for analysis. Other inspection
tasks will include frequent retrieval of data from on-site instrumentation and review of
facility operation records.

In developing our estimates for the permanent presence of inspectors, we assumed
that a given number of destruction facilities would be active in each of the first 10 years
after the Convention enters into force. We also assumed that the destruction period for
each operational facility would last 1 year. More specifically, four facilities are assumed to
be operating in the first and second year, 12 facilities in the third year, 15 facilities in the

35 CD/961: pages 79-80, "They shall employ, as appropriate, agreed seals, markers or other inventory
control procedures to facilitate an accurate inventory," and, "The International Inspectors will make any
appropriate adjustments in the monitoring system in accordance with the relevant agreement on
subsidiary arrangements whenever inventory changes occur.”

36 The review process is discussed in CD/961, pages 76-77.
37 CD/961, Annex to Article IV, Section V, paragraph 7(b), page 78.
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fourth year, 13 in the fifth year, and 10 in years 6 through 10. Manpower estimates for
each facility include four inspectors on site for 24-hour coverage. (See Chapter II.)

e. Closeout Inspection

The International Inspectorate will conduct closeout on-site inspections at
destruction facilities to certify the destruction and removal of all chemical weapon
stockpiles. Certification of the completed destruction process then will allow the removal
of equipment and the termination of monitoring at of the facility.

Our base case estimates include 2 on-site days for inspectors to make a final walk-
through of the facility. Table I-3 summarizes the inspection framework at destruction

facilities.

Table I-3. On-Site Verification Activities at Destruction Facilities

ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
RECOVERY osiosv (YEAR)
{DAYS) {DAYS)
INITIAL INSPECTION L 10 15 2% 1

* Verlly Data Dsclared
- confiem details of Genaeral or Detafled Plan
- confirm quantity & identity ¥ chemical
weapons are present
+ Obtain Planning Information
- engineering review of ch ol
mode of operation, layout & scheme
- wvaluste and review specific plans for
combined destruction and verification
* Work On Facliity Agresment
- gmil h:podbn ptos:;dum for

P

. Invovrnory Control
- secure, seal or mark
- inhiste Roring by instr or p

.............................................................................................

PERMANENT PRESENCE (INTERIM) 4 150 - 150 1
- Mok ¥oiles unti J

h
---------------------------------------------------------------------------------------------

INSTALLATION VISIT

« Initlate Instrument Monltoring
- instal, certify, test instruments

+ Secure Inventory
- reestablish seals

.............................................................................................

PEAMANENT PRESENCE
(ACTIVE DESTRUCTION PERIODS)
+ Verlly Destruction
- certify percentage of stocks destroyed
; o Aoy and

- retrieve instrument data
- sample & analysis

CLOSEOUT INSPECTION
« Document Completion

- certify stocks destroyed for final report
« Terminate Monlitoring
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C. VERIFICATION PROVISIONS FOR CHEMICAL WEAPONS
PRODUCTION FACILITIES

Chemical weapons production facilities are declared locations where chemical
weapons have been produced.3® Under the Convention, all activity except that related to
closure should end immediately and facilities should close within 3 months of the
Convention's entry into force.3?

By definition, "chemical weapons production facility" covers buildings, housing,
and equipment designed, constructed, or used for producing chemical weapons. The
definition also applies to facilities used for filling chemical munitions.40

The verification aim is to ensure that the facility is inoperable until destruction of
facilities and equipment is completed no later than 10 years after the Convention enters into
force.

Verification provisions for such facilities are found in Article III for declarations,
and in Article V and its supporting Annex for facilities.4! Systematic verification applied to
chemical weapons production facilities implies routine on-site inspections on a periodic
basis and continuous monitoring with instruments. Continuous monitoring will remain in
effect until the facility and related equipment are destroyed.#2 Verification arrangements
will be developed in facility agreements for each facility derived from a generally applicable
model for agreement.43 Guidelines in a final Convention will be elaborated for use in
determining the frequency of inspections.

1. Initial Inspection

The verification aim of an initial inspection is to confirm that all activity except
measures required to close the facility has ceased 44 Inspection teams will establish the

38 The definition of a chemical weapon under discussion at the Conference on Disarmament is found in
Article II, pages 11 - 12. Agreement has not been reached on this definition.

39 CD/61, Article V, paragraphs 2 and 6(a) page 18.

40 Definitions for the term chemical weapons production facilities are found in CD/961 on pages 13 and
84 - 85. Agreement has not been reached on this definition.

41 CD/961, Article ITI, page 14; Article V, page 18; Annex to Article V, page 81.
42 The order of destruction for chemical weapons facilities is not developed in draft CWC text.

43 Currently, CD/961 does not include a model for agreement for chemical weapons production facilities
as it does for Storage, Schedule 1 and Schedule 2 facilities.

44 CD/961, Annex to Article V, Section V, page 87.
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accuracy of information submitted in the declaration, plan future verification measures for
the facility, specify monitoring devices, and develop the facility agreements.4>

Each State Party will declare all production facilities under its control or
jurisdiction. Also as part of the declaration, the State Party will specify actions to be taken
for closure of the facility and will outline a General Plan for destruction. If the State Party
elects to temporarily convert a production facility to destruction purposes, the State Party
also will submit a general conversion plan.46

To confirm the accuracy of the declarations on production and filling facilities,
international inspectors will verify information on the location, ownership, operation and
control of the facility. Inspectors will evaluate products of the facility, the capacity, and
detailed data provided in the facility description.#7 Inspection teams also will consider
chemicals produced or will identify the chemical fill of the declared munitions. The
International Inspectorate will establish the accuracy of reported capacity by assessing the
quantity of end-products produced by the facility in a given period of operation.48
Additional confirmation will be obtained by reviewing the facility layout and process flow
diagrams and by conducting a detailed inventory of on-site equipment and buildin gs. 49

The draft CWC also calls for the initiation of inventory control procedures during
this inspection by installing devices to detect attempts to remove declared items. The current
time period allowed for conclusion of agreements specifying which instruments will be
used is bracketed in draft CWC text at 6 months. The initial on-site verification is to be
conducted promptly - "not later than [60] days after a declaration is submitted."50

We have assumed that this inspection involves six inspectors on site for 10 days to
confirm the declaration. Ten days of preparation and recovery time are added to account
for time to review and familiarize the inspectorate with the facility.

45 CD/961, Addendum to Appendix I, Protocol on Inspection Procedures, Part II, Section I, paragraphs 1
and 2, page 136.

46 CD/961, Article V, paragraph 4(¢) page 18. Activities related to temporary conversion of facilities is
to be developed for inclusion in the Annex to Article V, page 85.

47 CD/961, Annex to Article V, page 81, covers the declaration for chemical weapons production
facilities.

48 CD/961, Annex to Article V, Section I, paragraph 5 (a)(b), page 81.

49 CD/961, Annex to Article V, Section I, paragraph 6, (a) (b) (c), page 81.

50 CD/961, Annex to Article V, Section V, paragraph 1(a)(ii), page 88.
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2. Closure Inspection (Initial)

The verification aim of the closure inspection is to confirm that the facility is
inoperable. Accordingly, International Inspectors will survey the facility to determine that
the State Party has completed all specified actions for closure.31 Inspectors will certify
evidence of closure that may include abandoned buildings, disconnected or disassembled
equipment related to the production process, and interrupted rail and utility lines (as safety
permits). Thereafter, periodic closure inspections will be carried out until the facility is
destroyed to monitor that production does not restart.

The initial closure inspection included in our estimates provides for six inspectors to
be on site one time for 2 days.

3. Installation Visit

The verification objective of instrument monitoring is to ensure that the facility
remains inactive with respect to production. The draft CWC plans continuous monitoring
with on-site instruments to establish that production cannot be resumed and that items
declared in the inventory are not removed from the facility. Equipment considered for
monitoring chemical weapons production facilities primarily includes surveillance and
containment equipment,52 although equipment selection will depend on the methods used
by the State Party to deactivate the facility. As now understood, surveillance and
containment equipment include tamper-indicating seals and video systems, supplemented
by sensors and data authentication devices.53

Our estimates include an installation visit on site by an inspection team of five
inspectors for 2 days with 15 days allowed for preparation and recovery.

4. Routine Inspections

Routine on-site inspections of former chemical weapons production facilities occur
to meet two verification aims of the CWC: 1) to confirm that the facility is inactive with
regard to production, and 2) to observe elimination of standard and specialized equipment
and buildings.

51 CD/961, Article V, paragraph 4(c), page 18, and Annei to Article V, Section IIB, paragraphs 1 and 2,
page 83.

52 See Report of the Technical Group on Instrumentation, page 24.
53 CD/961, Annex to Article V, Section 5, paragraph 4, pages 89 - 90.
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The verification objective at production facilities at any given time depends on the
State Party's destruction plan and schedule. For example, in the third year, a State Party
may have an inactive facility ("closed” in CWC terminology) and a facility where
elimination of equipment or buildings is in progress. We describe these verification
objectives by two different types of on-site verification: Closure Inspection and
Elimination Inspection.

Closure Inspections. The International Inspectorate will conduct routine
closure inspections on a periodic basis (after the initial closure inspection) to observe
evidence that the facility cannot or has not produced chemical weapons. Evidence of a
closed facility will be found by observing, for example, disassembled components of
process or safety equipment. These inspections will continue until the equipment and
facility are destroyed in a manner that cannot lead to reassembly of production capacity.

Our estimate includes an annual inspection to verify closure by a team of four

inspectors on site for 2 days.

Site Elimination and Equipment Elimination Inspections. This section
describes CWC objectives for verifying destruction of chemical weapons production
facilities. In the framework, this verification aim is tied to biannual elimination inspections
to confirm that each declared item in the inventory, and the facility, is destroyeds4
according to an agreed plan.

Consultations between the International Organization and the State Party will result
in an agreed plan for verifying destruction. As stated in the draft CWC, verification
"should be conducted through the presence of on-site Inspectors to witness destruction.” 55
The State Party's destruction plan and proposed verification measures will be reviewed by
the Technical Secretariat, which will then prepare a combined plan for verifying destruction
at each facility. Agreement on this combined plan is to be completed 60 days before
destruction begins, and this plan will be incorporated by the State Party in its destruction at
the facility.56 Thus, on-site elimination inspections may be conducted as part of the
process leading to approval of the State Party destruction plan or conducted to monitor
destruction of chemical weapons-specific equipment and facilities.

54 CD/961, Annex to Article V, Section V, paragraph 5, page 91.
55 CD/961, Annex to Article V, page 92.

56 CD/961, Annex to Article V, Section IV, pages 86 - 87, gives the format of the General Plan and the
Detailed Plans for destruction.
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While the draft CWC describes destruction verification as implementing an agreed
plan "through the presence of on-site Inspectors to witness the destruction,”57 the
Convention lacks important details pertaining to the verification process. The draft CWC is
not clear on what constitutes verifying destruction in terms of observing the transformation
or disposal of equipment and buildings. So although the timing of the presence of
inspectors will be determined by the agreed plan for each facility, it remains to be
elaborated in the draft text how much of the actual destruction process will be witnessed by
on-site inspectors. The destruction process in the United States at Rocky Mountain
Arsenal, for example, has involved a long process to demolish and then incinerate
equipment.58

Inspection teams will conduct elimination inspections to observe the physical
destruction of "specialized equipment” (which will include components of the main
production train such as reactors, chemical weapon filling machines, or special equipment
for waste control) and destruction of "standard equipment" (such as safety surveillance
equipment, buildings in a production configuration, and facilities and equipment designed
or used exclusively for producing non-chemical parts of chemical munitions).5% Our
estimates include biannual elimination inspections by a team of four inspectors on site for 2
days.

§. Permanent Presence

The draft CWC addresses requirements for the permanent presence of inspectors
when continuous monitoring instruments are not found adequate or feasible for a facility.
There are two additional cases where the presence of inspectors is stipulated for specific
periods: 1) the period before the facility agreement is concluded and therefore before the
monitoring system is installed and activated,%0 and 2) when the Technical Secretariat and
the State Party are unable to reach agreement on verification of a destruction plan.61
Consistent with draft CWC language, other situations also may be considered appropriate
for the presence of inspectors for indefinite periods of time. For example, in the case of

57 CD/961, Annex to Article V, Section 5, paragraph 5, pages 91 - 92.

58 For example, estimates for the amount of rubble produced in the destruction process at Rocky
Mountain Arsenal are above the 100,000 ton range.

59 CD/961, Annex to Article V, C, pages 84 - 85.
60 CD/961, Annex to Article V, Section V, paragraph 4, page 89.

61 CD/961, Annex V to Article V, page 92: "If agreement is not reached with the Executive Council on
aspects of verification, or if the approved verification plan cannot be put into action, verification of
destruction will proceed by the continuous on-site monitoring and presence of Inspectors.”
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equipment malfunction, or if the monitoring system at the facility indicates an irregularity,
an interim inspector presence may be established until the monitoring system is restored.
Our base case estimates do not include an interim presence of inspectors for the above

conditional examples.

6. Closeout Inspection

A final on-site closeout inspection will be conducted to certify the complete
destruction of all buildings, structures, and equipment in the declared inventory. A
closeout inspection is estimated to involve four inspectors for 2 days. Table I-4
summarizes the inspection framework for production facilities.

Table I-4. On-Site Verification Activities at
Chemical Weapons Production Facilities

ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
(DAYS) RECOVERY oSI/0sv (YEAR)
(DAYS) {RAYS)
INITIAL INSPECTION 6 10 10 20 1
s Verify 1 Related to C!

oy o
« Verity Data Declared
. y of items; equip and building:
- review plans for closure and
general plan for destruction
« Obtain Planning Information
- evaluate site layout & process
& location of inventory
« Negotiate Facllity Agreement
« detail inspection procedures
- di for i

monitoring
CLOSURE INSPECTION (INITIAL)
(After 3 months entry into force) 6 2 8 10 1
« Confirm Facility Inoperabie
- verify ciosure completed
- obsarve evid of di d or disabled equij
« Inventory Control
- secure, seal, mark items
5 5 15 20 1
« Initiate Instrument Monitoring
- install, certify & test instruments
4 2 8 10 1
1)
« Confirm Facliity inactive With Regard to Production
- observe evidence of non-production
- establish facilty not operable or reassembied
4 2 8 10 2

?)
* Witness Destruction
i o sd

of buildings and equipment
- confirm destruction foliows agreed plan

..............................................................................................................................

CLOSEQUT INSPECTIONS

« Document Compieted Destruction
- cartify in fina! report

* Terminate Monitoring
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D. VERIFICATION PROVISIONS FOR PERMITTED ACTIVITIES

Article VI, Activities Not Prohibited by the Convention, acknowledges the right of
State Parties to develop, produce, and use toxic chemicals and their precursors for specific
applications. The verification regimes for permitted activities correspond to three lists of
chemicals referred to as Schedules 1, 2 (A & B) and 3. Chemicals are evaluated by
reviewing criteria that assign chemicals to the Schedules based on their potential
contribution to chemical warfare agent production and by considering the quantities
produced in modern industry. These guidelines then form the basis for determining the
risk to the Convention's overall goal as a total prohibition on the production of chemical
weapons.

Schedule 1 chemicals primarily include known and tested chemical warfare agents
or chemicals closely related to the known agent; they have limited commercial application.
Schedule 1 chemicals pose a "high risk" to Convention objectives because of their "high
potential” for use in the production of chemical weapons.

Schedule 2A chemicals are precursors to chemicals found in Schedule 1. While
these chemicals are produced substantially in commercial industry, they pose a "significant
risk" because of their importance in the production of Schedule 1 chemicals.52

Schedule 3 chemicals include precursor chemicals like chlorinating agents.
Although first-generation chemical warfare agents such as phosgene are included in this
Schedule, they are considered "outmoded" by modern definitions and are produced in such
vast quantities that an extensive control regime is not feasible. Schedule 3 chemicals are
therefore monitored by data declarations because they pose "a risk" due to their
"importance" in the production of other chemicals listed in Schedules 1 and 2.

Separate Annexes to Article VI outline verification provisions for facilities that
produce, process, or consume chemicals listed in the Schedules. Thus, the verification
effort follows graded levels of monitoring for each type of facility. The Technical
Secretariat will monitor these chemical facilities through data reports from the State Party,
on-site instruments, and routine on-site inspections.

62 Guidelines for chemicals to be included in Schedule 2B are under consideration. This category has been
added to capture highly toxic substances which are not precursor chemicals but are "deemed to pose a
risk to the objectives of the Convention." Amiton is now listed in Schedule 2, and views have been
expressed about including saxitoxin, ricin, and PFIB in Schedule 2B. CD/961, pages 44 and 47.
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The Technical Secretariat uses general "models for agreement"63 to design the
specific verification arrangements for individual facilities. The agreements will specify the
number, intensity, and duration of inspections and will detail procedures for instrument
operation.®4 The Technical Secretariat also will determine the frequency of inspections at
individual facilities by weighing the risks outlined by guidelines for the Schedule chemicals
in use and by considering the activities and characteristics of the facility.65

Table I-5. On-Site Verlfication Activities at Schedule 1 Facllities

ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
(DAYS) RECOVERY 0osl/08v (YEAR)
(DAYS) (DAYS)
SCHEDULE 1
INITIAL INSPECTION 6 8 10 18 1
e Verlly Data Declared
- inventory; equipment, feedstocks,
ge & production capacity
. Obh!n Pllnn_lng Information
- review prevk ynr,r‘
#ty not in of limits,
production & processing flows
* Work iI(m Facltity Agresment
- detail inspecth dures, freq
mode
- plan placement of monitors
INSTALLATION VISIT 5 5 15 20 1
« Inltiate Instrument Monitoring
- install, certify, & test instruments
2 2 8 10 1

* Inspect Process
- establish within production kmits
- establish quantities reported correctly and
compatible with end-needs

¥ |
- "

. sample & analysis o
- investigate imegularities

1. Schedule 1 Facilities

The CWC will limit the production of Schedule 1 chemicals to no more than a
metric ton for each State Party.66 Schedule 1 production will be allowed at one small-scale

63 CD/961, Appendix II includes two models for agreement that require additional discussion in the
negotiations. Model for an Agreement Relating to Single Small-Scale Facilities is on pages 167 -
171. Model for an Agreement Relating to Facilities Producing, Processing or Consuming Chemicals
listed in Schedule 2 is on pages 161 - 166. The draft CWC does not apply time frames for concluding
facility agreements consistently throughout the draft text. For example, time frames under discussion
for single small-scale facilities range from 3 to 12 months (page 99).

64 CD/961, Annex 2 to Article VI, paragraphs 11 and 12, page 107.
65 CD/961, Annex 1 to Article VI, Section II, paragraph 3, page 98.
66 CD/961, Annex 1 to Article VI, page 96.
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facility and in limited quantities outside this facility.67 The activities shown in Table I-5
will be carried out to verify compliance with these stipulations.

a. Single Small-Scale Facilities

The verification aim for single small-scale facilities is to ensure that Schedule 1
chemicals are declared correctly, produced in quantities no greater than 1 metric ton, and
used only for purposes allowed by the Convention. The International Inspectorate will
verify production limitations on plant capacity at declared facilities and will monitor total
production. |

The proposed control regime for small-scale facilities is stringent: chemical types
and quantities must be justified for permitted research, and medical, pharmaceutical, or
protective purposes. International monitoring of these facilities is by on-site inspection and
with on-site instruments.68

Initial Inspection. The verification aim of the initial inspection6? is to verify
information in the declaration and to obtain additional planning information for future
inspections and instrument monitoring. Representative inspector tasks are given to
summarize the content of the declaration to be confirmed and the detailed facility
agreements.

Inspection teams will evaluate process parameters to use as a comparison for
subsequent routine inspections. Inspectors will evaluate the production capacity of the
facility by confirming that the facility is not designed for continuous operation and that the
reactor size is within CWC limits.”0

67 CD/961, Annex 1 to Article VI, page 96: "2. (a) Production of Schedule 1 chemicals in aggregate
quantities not exceeding 10 kg per year may be carried out for protective purposes at one facility outside
a single small-scale facility. (b) Production of Schedule 1 chemicals in aggregate quantities of more
than 100 g per year may be carried out for research, medical or pharmaceutical purposes outside a small-
scale facility in aggregate quantities not exceeding 10 kg per year per facility. 3. Synthesis of Schedule
1 chemicals for research, medical, or pharmaceutical purposes, may be carried out at laboratories
[approved by the State Party] in aggregate quantities less than 100 g per facility.”

68 CD/961, Annex 1 to Article VI, pages 96 and 98: "The single small-scale facility shall be subject to
systematic international on-site verification, through on-site inspection and monitoring with
instruments."

69 The term "initial visit" is used in CD/961, Annex 1 to Article VI, Section II, paragraph 4, page 98,
but the term "initial inspection” is used in the Protocol on Inspections that is a later addition to the
draft text. As the depiction of required activities is similar, the term initial inspection is used in this
paper at Schedule 1 facilities to refer to the first on-site presence at facilities.

70 The limitation on reactor size is still under discussion at the Conference. The draft text now brackets -
reactor size at 10 and 100 liters.
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As inspections at each small-scale facility are conducted to prove that production
does not exceed permitted amounts, inspectors will review data on the production process
and examine equipment and technology. To confirm that Schedule 1 chemicals are not
diverted and that chemical use is reported accurately, inspectors will examine facility
records and develop a material balance among chemical quantities and consumption flows.
They may inspect storage capacity for chemicals and feedstocks and examine waste
treatment methods at the facility.

Also during the initial inspection, teams will design specific arrangements for the
individual facility by following the model agreement.’l To develop this agreement,
inspectors will observe technical characteristics of the facility and determine which areas of
the facility will be inspected, where samples will be taken, what analytical instruments will
be used during inspections, and whether instrument monitoring equipment will be installed
at the facility.

Installation Inspection. Appropriate on-site monitoring instrumentation will
depend on design capacity of the production unit as well as the State Party's planned
activities for the facility. Suggested instrumentation methods include equipment for facility
surveillance and process monitoring.

Surveillance and containment measures to ensure that production batches are not
diverted have been proposed, although the specific method would depend on facility
design. For example, if the facility uses 10-liter reactors, the Technical Group on
Instrumentation noted that surveillance and containment methods may be of limited use and
that it may be more appropriate to have inspectors present during agent synthesis.”2

Suggested process control instruments may include monitoring devices to measure
or indicate excess production. In some cases, process monitoring may occur by measuring
variables not directly connected with the process such as water supply and electricity. The
"monitoring system" in the draft CWC lists sensors and other equipment, a data
transmission system and ancillary equipment. The installation of any type of process
monitoring equipment would require inspection teams to calibrate the equipment for
precision and accuracy.

71 Model for an Agreement Relating to Single Small Scale Facilities, pages 167 - 171.
72 Report of the Technical Group on Instrumentation, page 26.
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Our estimate for the installation visit includes five inspectors on site for 5 days with
15 days of preparation and recovery time included for technical oversight of equipment
requirements.

Routine Inspection. The International Inspectorate will conduct routine
inspections at small-scale facilities. "The verification aim is to confirm that the facility is not
used to produce any chemicals listed in Schedule 1 except for chemicals declared in initial
or annual declarations. Inspection teams will establish that quantities of Schedule 1
chemicals produced, processed, and consumed are correctly reported and compatible with
declared production purposes.

Inspectors will examine equipment, compare the process parameters ascertained in
earlier inspections, and evaluate any technological changes to the production process.
Inspectors will review accounting and operating records and inventory chemicals and
equipment. Inspection teams will check on-site instrumentation and perform routine
maintenance as needed. Inspectors may be required to validate measuring equipment by
examining and calibrating the instruments. Inspectors may request samples from the
production line or from bulk storage and perform on-site or off-site analysis as provided
for in the sampling plan in the facility agreement.

b. Other Schedule 1 Facilities

The verification aim for facilities producing Schedule 1 chemicals in aggregate
amounts of less than 10 kg per year and greater than 100 g is to confirm that the facility
only produces permitted quantities of the declared chemical for reported needs and that the
chemicals are not diverted to other purposes.’3 The verification measures will follow the
same description given for the single small-scale facilities.

2. Schedule 2 Chemical Production Facilities

Article VI and Annex 2 to Article VI outline the verification regime for Schedule 2
chemical facilities. Under the CWC, these facilities?# will be monitored by annual data

73 CDM61, Annex to Article VI, pages 100 - 102 cover the declaration and the verification provisions.

74 CD/961, Article VI, Paragraph 5, page 20: "Each State Party undertakes to subject chemicals listed in
Schedule 2, parts A and B and facilities declared under Annex 2 to this Article to monitoring by data
reporting and routine systematic international on-site verification, through on-site inspection and use of
on-site instruments as long as production and processing are not impaired." Also see Annex 1 to
Article V1, Section II, paragraph 2, page 98.
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declarations on production, processing, and consumption of Schedule 2 chemicals.”>
These facilities also will be subject to routine on-site inspections and the use of on-site
instruments as long as production is not impaired.’6

Chemicals listed in Schedule 2 are produced and used in many facilities worldwide
for a variety of legitimate commercial applications. The verification aim for commercial
facilities is to ensure that these facilities are not used to produce Schedule 1 chemicals, that
quantities of Schedule 2 chemicals are consistent with the end products produced, and that
Schedule 2 chemicals are not diverted for prohibited purposes.’’ These activities are

summarized in Table I-6.

a. Initial Visit

The verification aim of the initial visit at commercial Schedule 2 chemical facilities’
is to negotiate the facility agreement with facility representatives before an inspection takes
place.”® The details of the model agreement are summarized by describing the purpose of
the visit as outlined in the draft CWC and as followed in National Trial Inspections.

Inspectors will observe the plant layout and the operational and process
characteristics of the facility to judge the risk that the facility could be used for prohibited
purposes and to determine the frequency of inspections.80 For example, inspectors may
look at the plant layout and the equipment design, feedstocks, and precursor chemicals
used or stored on site. Inspection teams will observe safety and containment features to
determine whether the plant could be readily converted to Schedule 1 chemical production.
In some cases, inspectors may evaluate the chemical process used to determine how

75 The United States proposed thresholds for Schedule 2 verification that would subject facilities of more
than 10 tons a year to monitoring by annual data declarations and on-site inspection at least once a
year. Facilities from 1 ton to 10 tons a year would be monitored by annual data declarations, and
Schedule 2 facilities of up to 1000 kg a year would not be monitored. CD/802, CD/CW/WP.186, 5
February 1988. The draft CWC acknowledges thresholds for Schedule 2 facilities in Annex 2 to Article
VI, page 103 although the threshold amounts are not defined.

76 CD/961, Article VI, paragraph 6, page 20.
77 CD/961, Annex 2 to Article VI, paragraph 4, page 105.

78 Agreement on thresholds will determine the number of facilities subject to an on-site inspection
regime. See CD/802, CD/CW/WP.186, 5 February 1988, U.S.A.: "Thresholds for monitoring
chemical activities not prohibited by a convention."

79 Several delegations, including the United States, point out the importance of the initial visit. Some
delegations report that the initial visit may take twice as long as the initial inspection.

80 CD/961, Appendix II, Possible Factors Identified to Determine the Number, Intensity, Duration,
Timing, and Mode of Inspections of Facilities Handling Schedule 2 Chemicals, pages 157 - 159.
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process parameters, such as the thermal and pressure conditions of the overall process,
could be used for continuous monitoring.

Table I-6. On-Site Verification Activities at Schedule 2 Chemical Facllities

ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
RECOVERY ost/osy (YEAR)
1St
+ Work On Faciiity Agresment [] 4 10 14 2

- hold technical consultation

- detall measures for inspections; number, timing and mode

- determine access, review site plans and process diagrams
. Obnln Planning information

design ch ics and rel equipment,

chemicals and process employed

- judge facifity risk factor

doﬁm pohts for umplo eollodlon

ld-ntlfy !adlny documomahon

* Verlly Declaration
- confirm site characteristics
- review declaration for production data
« Confirm Non-Uss for Schedule 1 Chemicals
« Confirm Quantities Consistent with Needs
. conllnn Non-Diversion of Schedule Chemicals
b [ caleulato production
p: X d

and
- review plam operamns feedstocks and end-products
- evaluate use rates for normal activities
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Also, in order to design verification measures for the facility, inspectors may
examine maps and facility site plans to locate relevant buildings, structures, plants and
critical equipment within the site and to identify borders and pipelines entering the facility.
The inspection team will consider all other areas of the site that inspectors may require
access to during routine inspections. Inspection areas may include storage areas for
feedstocks, effluent and waste treatment areas, control or analytical laboratories, and
interconnecting pipework between installations. Inspection teams will consider equipment
on site to confirm the reported activities for the facility and to identify sampling points on
key equipment for routine inspections. Additionally, inspection teams will identify the
facility documents that inspectors will examine in future inspections.
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b. Initial Inspection

The verification aim of an initial inspection is to confirm the detailed information in
the declaration for each facility.81 Inspection team tasks to summarize the declaration are
described in the following paragraphs.

Declared activities involving the Schedule chemicals at the facility will be
investigated to confirm that Schedule 2 chemicals are not diverted to prohibited purposes.82
Inspection teams will thereby confirm the chemicals in use by name, structural formula,
and final products produced at the facility. Inspection teams will compare declared
products with the type of processes used, such as production by a particular batch process
in a multipurpose production unit.

Inspectors will examine production records to construct a working material balance
by looking at starting materials to account for the use of chemical feedstocks. Inspectors
may track quantities of chemicals moved through the process unit by examining inventory
records for raw materials and final products.

Inspectors also will assess past-year production and will estimate maximum annual
production capacity.83 Inspectors will conduct a records audit by analyzing raw material
usage and daily operating logs to determine production quantities. Production estimates
will compare records on equipment usage combined with records on feedstock receipts,
product shipments, inventories, and documentation on clean-up and waste disposal
operations.84 '

Inspection teams will observe the processing and handling of Schedule 2 chemicals
to confirm whether any Schedule 2 chemical is processed or converted to another chemical.
For example, a facility may consume a Schedule 2 chemical as a feedstock and produce
another Schedule 2 chemical as a final product.

Inspection teams will identify the inspection areas at the complex: buildings,
production units, reactors, and process equipment included in the declared production

81 CD/961, Annex 2 to Article VI, pages 103 - 105, lists the information the State Party includes in the
declaration.

82 CD/961, Annex to Article VI, (vii), page 104.

83 CD/961, Appendix II, Report On How To Define Production Capacity, pages 157 - 159, and CD/713,
CD/CW/WP.146, 14 July 1986, Japan, Some Quantitative Aspects of a Chemical Weapons
Convention.

84 CD/961, Annex 2 to Article VI, paragraph 13, (viii), page 108.
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site.85 Inspection teams will examine equipment identified in the facility agreement to
verify that the equipment is not misused to produce Schedule 1 chemicals. This may
include the external aspects of the reaction vessel and its ancillary equipment as well as
control equipment associated with the reaction system.86

To meet the verification aim of ensuring that the facility is not used to produce
Schedule 1 chemicals, inspectors may evaluate the design of the facility for suitability to

- producing chemical warfare agents. Inspectors will compare the raw materials used as

inputs and the configuration of equipment. As some chemical warfare agents have a
synthetic production route similar to that for commercial chemicals, inspectors may
consider the chemicals used on site related to how easily the production process can be
converted to production of a chemical warfare agent.

Inspectors will select areas to observe, such as storage for feedstocks and final
product, filling areas, or effluent handling areas. Inspectors may observe where the
chemical feedstocks are delivered or the areas where the manipulative processes are
performed on reactants.87 Inspection teams also may consider feed lines to the reaction
vessel to observe the mode of operation from reactors to other parts of the system.

In accordance with the facility agreement, inspection teams may take vapor, soil,
liquid, and equipment wipe samples from production or process units or from stocks in
storage.38 Following the sampling plan, inspectors may take, for example, soil samples at
loading areas, liquid samples from final products, or wipe samples from equipment.
Inspectors will follow agreed procedures for handling samples to ensure the integrity of the
samples and for transporting the samples if they are to be analyzed off site. On-site
analysis may be performed with analytical instruments brought by inspection teams or, in
some cases, with equipment supplied by the facility.

In addition to the types of verification measures mentioned above, inspection teams
may be allowed to perform other inspection measures when the modalities of inspections
are defined in a final CWC and identified in final facility agreements.

85 The United States noted in CD/802 the difficulty of defining precisely what areas of a production site
will be subject to routine inspections.

86 CD/961, Annex 2 to Article VI, paragraph 13, (iv), (vi), page 108.
87 CD/961, Annex 2 to Article VI, paragraph 13, (i), (ii) page 108.
88 D61, Model for Agreement, paragraph 6, page 164.
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c. Installation Visit

Automatic process monitoring systems may be installed at Schedule 2 chemical
facilities to supplement the on-site inspection regime. Equipment considered for this
verification aim might combine in-line analytical instruments such as fiber-optic near-
infrared, or on-line sampling instruments. 89

Advance preparations for equipment procurement and installation may be necessary
to coordinate process monitoring installation with facility operators. Instruments will need
to be tested and certified before the monitoring system is activated. The IDA estimate
considers a team of five persons on site for 5 days with 15 preparation and recovery days
included to review requirements for installation of instruments.

d. Routine Inspections

The International Inspectorate will conduct routine inspections at all declared
Schedule 2 chemical facilities. The timing and frequency of routine inspections will be
determined by the characteristics of the facility, the type of activity the facility is involved
in, and the risks that the facility poses for use in prohibited production. Schedule 2
chemical facilities will be selected for on-site inspection by a method to preclude
predictability of when the inspection will occur.

Inspection team activities summarized above for initial inspections also will be
carried out during routine inspections. Also during routine inspections, inspectors will
evaluate whether any technological changes have been made since the facility agreement
was developed and will perform regular maintenance of the monitoring system. Table I-6
summarizes the inspection framework for Schedule 2 facilities.

3. Schedule 3 Facilities

Schedule 3 chemical facilities are the final type of facility covered by Article VI.
The verification provisions for Schedule 3 chemical facilities are outlined in Annex 3to
Article VI. These facilities, declared by the State Party, will be monitored by initial and
annual data declarations submitted to the International Organization.%0

89 See Report of the Technical Group on Instrumentation for a discussion of possible equipment for this
role, page 27 - 28.

90 CD/961, Article VI, paragraph 7, page 21, and Annex 3 to Article VI, pages 111 - 112.
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State Parties will submit information on Schedule 3 chemicals that are produced,
processed, or consumed by the industry of the State Party. Total amounts produced,
processed, consumed, imported and exported in the previous year will be reported.9! The
declaration will contain information on each chemical by name and formula and by
categories of final products or end use. Schedule 3 chemical facilities will be further
identified by location, ownership or operational management, capacity, and approximate
amount of production or consumption.92

It is expected that Schedule 3 chemical facilities will be monitored only if a specified
threshold level is met for processing, production, or consumption. The draft text of the
CWC now brackets a threshold quantity of 30 tons although a higher threshold has been
discussed for some listed chemicals typically produced in large quantities.?

The verification regime for Schedule 3 chemical facilities does not include planned
routine on-site inspections.

E. ANTICIPATED CATEGORIES OF ON-SITE INSPECTIONS

The preceding sections focused on the graded verification approach now outlined
by draft text in the Chemical Weapons Convention. The verification regime of systematic
and routine on-site inspections was described to match CWC verification aims for each type
of facility. This on-site verification system is built on monitoring chemical activities that
pose a risk to the objectives of the Convention, which are to ensure that chemical weapons
are not produced. However, Conference on Disarmament participants and observers alike
acknowledge that this elaborate verification system would nonetheless exclude many
facilities of concern from on-site verification.

Examples of activities of concern are taken from Conference on Disarmament
discussions. The proposed on-site inspection regime of the CWC would cover only a
limited number of declared facilities, so that a large number of facilities would not be

91 Under a final CWC, the total may be expressed as an exact figure or reported within a range. CD/961,
Annex 3 to Article VI, footnote 1, page 111.

92 The definition of capacity requires further discussion. CD/961, Appendix II, Report on How to Define
‘Production Capacity,’ pages 157 - 159, contains material summarizing the results of discussions held
at the Conference on Disarmament. The definition suggested would consist of a verbal part and a
mathematical formula.

93 Higher thresholds for the dual purpose agents have been presented in informal discussions at the
Conference on Disarmament. Also, CD/802, CD/CW/WP.186, 5 February 1988, The United States of
America, Thresholds for Monitoring Chemical Activities Not Prohibited by a Convention, proposes
that Schedule 3 chemical facilities of up to 30 tons a year be monitored by annual data declarations.
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subject to any systematic international monitoring. In some cases, a State Party might not
have to declare a single facility of their chemical industry.94

In addition, undeclared military and other facilities that could play a crucial role in
clandestine chemical warfare activities would not be subject to routine on-site inspections.
Even in facilities subject to routine inspections, chemical activities may go undetected.””
Schedule 3 chemical facilities, for example, would be monitored by data declarations
although the information submitted in these declarations would not be verified by on-site

inspe:ction.96

Moreover, the CWC verification system focuses on monitoring production, use or
consumption of chemicals listed in the Schedules. Other facilities, which are relevant to the
Convention because they are capable of producing Schedule chemicals, would not
necessarily be covered by the inspection regime. For example, facilities processing non-
toxic Schedule 2 chemicals would be subject to the routine inspection regime even when
facility design and characteristics indicate that the facility is not capable of chemical warfare
agent production. On the other hand, a facility with extensive safety features that could
readily allow chemical warfare agent production might not be declared under the present
regime of the CWC if that facility did not produce, process, or use a Schedule chemical.”’

Under a final Chemical Weapons Convention this verification gap might be closed
by on-site challenge inspections. Others argue that a system of anticipated inspections,
referred to as "Spot Checks", "Ad Hoc Checks", or "Ad Hoc Inspections,” should be
included in the layered verification regimes of the CWC. The following sections
summarize proposed on-site verification regimes to address the concerns mentioned above.

94 CD/869, CD/CW/WP.210, 6 September 1988, Federal Republic of Germany, Working Paper,

Verification of Non-Production of Chemical Weapons, Ad Hoc Checks.

CD/909, CD/CW/WP.232, 30 March 1989, United Kingdom of Great Britain and Northern Ireland,
Chemical Weapons Convention, Ad Hoc Inspections.

CD/961, Annex 3 to Article VI, page 112, includes the footmote, "Some delegations consider that
provision should be made for resort to an on-site ‘spot-check’ inspection, if required, to verify
information supplied by a State Party. Other delegations believe that the provisions of Articles VII,
VIII, and IX of the Convention are sufficient in this respect.” Also, CD/698, CD/CW/WP.140, 6
February, Australia, states, "Data covering chemicals considered to pose less of a risk, and which may
be produced by industry in very large amounts, should be subject to some type of 'spot check' to
remove substantive doubts that may arise about compliance with the Convention or to provide
reassurance to the international community that the provisions of the Convention are being observed.”

CD/924, CD/CW/WP.251, 23 June 1989, Netherlands, Report on a National Trial Inspection and
CD/925, CD/CW/WP.252, 23 June 1989, Netherlands.

95

96

97
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1. Challenge Inspections

Costs associated with challenge inspections have not been included in our base case
estimates. Until the substance and form of challenge inspections are developed further,
cost estimates for challenge inspections have little firm foundation. Pointed interest in the
"challenge procedure” mentioned under Article IX has not been translated into agreement
on the characteristics, modalities, or scope of an on-site inspection.

The single reference to a "challenge procedure” in Article IX, Consultations, Co-
Operation, and Fact Finding, states only that procedures for requesting a fact-finding
mission "remain to be elaborated." A definition, "Challenge inspection means the
inspection of a State Party requested by another State Party pursuant to Article IX, Part II,"
%8 is given in an Addendum to Appendix I and is thus not now part of the draft text of the
Convention. Consultations on challenge inspections have been blocked for inclusion as a

document in Appendix I but are reported in Appendix n?

At present, very little beyond conjecture can be used as a basis for resource
estimates since the scope of inspections, the types of facilities affected, the location and size
of inspected areas, the duration of inspections, the size of inspection teams, and the
frequency of occurrence must all be considered variable and drawn from assumptions
beyond the status or development of present negotiations at the Conference on
Disarmament.

The main function of challenge inspections is to discourage breaches of the
Convention from occurring in the first place by creating the likelihood of discovery. The
challenge inspection is therefore understood by some as an exceptional "verification
mechanism of last resort." % The Dutch delegation concluded that "the possibility of
'challenge’ inspections has little bearing on the size of the inspectorate,” and that . . . the
number of challenge inspections is likely to be relatively low. Hence, no permanent

inspectors need to be designated for this task alone."10!

98
99

CD/961, Addendum to Appendix I, Protocol on Inspection Procedures, page 120.

CD/961, Appendix II, Outcome of the Open-ended Consultations on Article IX, Part 2: On-Site
Inspection on Challenge, pages 185 - 187.

100 /715, United Kingdom of Great Britain and Northern Ireland, op. cit.

101 ~1y/445,7 March 1984, The Netherlands, Size and Structure of a Chemical Disarmament Inspectorate,
pages 5 and 10.
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In any case, estimating resource requirements for challcnge inspections will require
treating challenge as an on-site inspection with specified duration of inspections and size of
inspection teams. The approach would then permit exploration of the range of uncertain
verification components. For example, if a challenge inspection is initiated to investigate
the alleged use of chemical weapons, then resource requirements depend on battlefield
conditions.102 A challenge inspection at a commercial chemical facility or a military
installation would lead to different requirements and would depend on the permitted scope

of the inspection mandate.'®

Required resources will depend on whether proposed limitations are agreed to ina
final Convention.1%4 A clearer picture of how challenge inspections may be limited could
be used to develop a strawman and cost estimates of, for example, required resources for
near-site or perimeter monitoring. Cost elements may then be linked to challenge
inspections by defining issues of timing and duration, permitted inspection procedures,
provisions for alternative measures, and arrangements for initiating a challenge inspection
through bilateral consultations or multilateral fact -finding prdcedures.

2. Ad Hoc Verification

Ad Hoc inspections have been proposed as an additional means of on-site
verification to complement planned routine and proposed challenge inspections. The
primary concept of Ad Hoc inspections has been developed in working papers submitted to
the Conference on Disarmament by the delegations from Australia, the Federal Republic of
Germany and the United Kingdom of Great Britain and Northern Ireland.'%

10 o ' -
2 The UN investigations by the Expert teams are an excellent source for resource determination. See,

for example, Canada, Handbook for the Investigation of Allegations of the Use of Chemical or
Biological Weapons. Also, CD/936, 21 July 1989, Norway, Verification of Alleged Use of Chemical
Weapons, A New Approach For Verification Procedures.

103 CD/CW/WP.208, 26 August 1988, German Democratic Republic, On-Site Inspection on Challenge,
Outline Of A Manual For the Activities of Inspectors Conducting Inspections Under Article IX of the
Convention. CD/715, 15 July 1986, United Kingdom of Great Britain and Northern Ireland, Chemical
Weapons Convention: Verification and Compliance - The Challenge Element. CD/966,
CD/CW/WP.275, February 1990, Union of Soviet Socialist Republics, Trial Challenge Inspection At
A Military Facility.

104 Pproposed limitations on the challenge inspection mandate range from limitations on the obligatory
"anywhere, anytime" concept, to limitations based on defined objective criteria for facilities, limitations
on degrees of intrusiveness or access during inspections, and ultimately a "right of refusal.”

105 1791, 25 January 1988, Federal Republic of Germany. CD/869, FRG, ap.cit. CD/909, UK, op.
cit. CD/698, Australia, op. cit.
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Ad Hoc inspections are included in our cost estimates for the following reasons.
Support for the adoption of some type of Ad Hoc verification system is substantial, and,
from a cost perspective, should be accounted for since excluding Ad Hoc inspections
would likely underestimate requirements measured in costs or inspection personnel. It has
been estimated that a large number of facilities may be subject to Ad Hoc inspections.106

Ad Hoc inspections described in this section are extrapolated from Conference on
Disarmament Working Papers and other source material. If Ad Hoc verification is adopted
in a final Convention, inspections may differ greatly from what is outlined here. We have,
however, attempted to remain consistent with the proposed character of Ad Hoc inspections
(such as limited intrusiveness) and retained specific measures from different proposals to
treat Ad Hoc verification as on-site inspections.

The rationale for a system of Ad Hoc verification draws from assumptions about
the necessity of adding an additional layer of on-site inspections. Proposals for Ad Hoc
verification include the following considerations: even under an effective verification
regime a vast number of chemical capable facilities would not be monitored; while
challenge inspections are intended to cover all undeclared facilities, challenge inspections
are seen as a dramatic and confrontational political measure and "must be based on some
kind of evidence of non-compliance” that may be difficult to obtain. Further, clandestine
production is unlikely to occur in a declared facility if a clandestine location could be used
for prohibited purposes.m7 The role, then, of Ad Hoc verification is to promote deterrence
of illegal activities by broadening the declaration of chemical weapon related production
capability, thereby creating a greater probability of detection through on-site inspection.
While not a substitute for either routine or challenge inspections, Ad Hoc inspections may
then build confidence in the CWC by proving to State Parties that other State Parties are
complying with the Convention.

The verification objective of an Ad Hoc inspection is to verify that no prohibited
activities are taking place at the facility. Ad Hoc inspections would be limited in scope and
intrusiveness, as suggested by one approach, to limit investigation of legal activities and

106 The size of the universe of facilities given by several sources ranges from 10,000 to 100,000. See

CD/909, UK op.cit.

07 Negotiating Chemical Disarmament, Lecture at Kennedy School of Government, by Mr. Johan
Molander, Deputy Head of the Delegation of Sweden to the Conference on Disarmament, 7 November,
1989.

1
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thereby protect sensitive business information.'®® Therefore it inay be possible to conclude
the inspection in a short period of time to ascertain whether, at the time of the inspection,
controlled chemicals, not reported for the facility, are being produced there. Investigations
would proceed further only if undeclared production were detected.

Inspection team activities would be limited to verification methods related only to
the purpose of the inspection. Thus, inspection teams may not be allowed to examine
substances not listed in the Schedules or may be permitted to observe only specific design
characteristics at the facility with the limited inspection goal of detecting illicit production.
For example, when on-site inspections occur at facilities where baseline data has not been
established, inspection teams may hold an opening conference with plant operators to
review site maps and process diagrams for the facility and then determine which production
unit within the facility to inspect. Inspectors might request a list of equipmcntlog used in
that production unit and select for examination equipment such as a reactors and ancillary
equipment, waste and water outlets, storage areas, or contained safety areas.110 An
inspection also might be limited by only allowing on-site analysis with pre-agreed

instruments. 11

Ad Hoc inspections might be initiated by the Technical Secretariat or by a State
Party under a system of passive quotas, or by a combination of both of the above.''? One

108 CD/869, FRG, page 3, op. cit., "By their nature ad hoc checks would not be very intrusive, their sole
purpose being to ascertain whether, at the time of the check, substances listed in Annexes [1], [2] and
[3] to Article VI and not reported for the facility in question are being produced there. Only if such an
undeclared production is detected should further investigations to establish whether production is in
amounts above declared thresholds be permitted.”

° Location of suggestive production may include considering in the aggregate equipment such as,
chemical process equipment constructed of an alloy with a high nickel or tantalum content, or with
linings suitable for use in a corrosive environment, pumps of valves designed for use with hazardous
chemicals, activated carbon filter units and scrubber units capable of handling large volumes of air from
ventilation systems, equipment designed for flourine, phosphorous, or sulphur analyses, inert gas
generating units, double-walled piping, sensitive toxic detection and alarm systems, filling equipment
for use with hazardous chemicals, and incineration or scrubbing equipment. CD/698, op. cit.

110 The Netherlands reported on a National Trial Inspection which, "as no facility attachment was worked
out, the character of the trial inspection was ad hoc”. Reported in CD/925, CD/CW/WP.252, 23 June,
1989, An Attempt to Verify Non-Production in a Chemical Plant. The inspection was conducted for
»verification of non-misuse of relevant equipment”. Some example inspector tasks have been taken
from this trial inspection, although we have not followed the detailed approach explained therein. More
importantly, to retain the idea of limited intrusiveness called for in other proposals, we have not
described Ad Hoc inspections as a comprehensive approach that would, for example, give the inspection
team full access to the facility.

CD/869, FRG, op. cit.

112 The FRG proposes that to ensure the routine character of Ad Hoc checks, facilities should be selected
at random and that the International Inspectorate should not depend on information provided by other

10

111
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way facilities might be selected for inspection, as proposed by the Federal Republic of
Germany, would be for each State Party to submit a "National Registry" on the basis of an
agreed definition of chemical industry. With this "picture of industry” describing facilities
by name, ownership, location, orientation, and principal products, the International
Inspectorate would randomly select facilities for inspection, perhaps by using a weighting
factor that would, say, give on-site inspections at facilities producing organophosphorous
compounds a higher priority than inspection at facilities producing less toxic
compounds.113 An alternative proposed by the British would give each State Party the
right to initiate inspections by the Technical Secretariat. This quota system would
distinguish Ad Hoc inspections from challenge inspections and would make access to the
sites mandatory. Table I-7 summarizes the assumptions pertaining to Ad Hoc Inspections.

Table I-7. Ad Hoc Inspections

ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
(DAYS) RECOVERY 0Si/08v (YEAR)
{DAYS) (DAYS)
* Select Faclilties 4 1 3 4 60
- consult Nationa! Registers
- consider quoia requests
npplyguideh:ubruhabn
acility

. Gln Short Notics to Facliity
+ Develop Access Agresment
« Establish Accuracy of Registry information
- vakdate facility by name, location opomlon.
ownership, orientation and product catego
« VERIFY NON-PRODUCTION OF SCHEDULE CHEMICALS
- follow protocol for inspection
- hold opening conference with facility operators,
review site maps and process diagrams
- select production unil to beus impodbn
4 for und
- Imit intrusiveness by hspoalon maethods
- conduct vis! sl mpochondnhvnm(;ﬂqulpmﬂlw

app

mh and water oullou. areas, and

rt
e hardile oh
]

sty rves

. Tormlnno lmpocllon -
- conclude when non-production of
schedule chemicals established

State Parties. The UK, however, proposes another alternative building on the provisions of the
Stockholm Document: a quota system giving each State Party the right to make some number of
requests for inspections (not specified) and would obligate each State Party to receive some number (not

specified).
3 CD/869, FRG, op. cit.
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II. COST FACTORS

A. INTRODUCTION

A cost model was developed to calculate the level of effort required to implement
verification provisions in the draft CWC and to address undetermined cost components of a
final verification regime. The framework of on-site inspections and visits described in the
preceding chapter was used to estimate resource requirements which were then used as data
inputs to a cost model. The equations that define the cost model used to calculate totals for
illustrative cases are presented in Appendix A. Resource estimates were varied in each case
to yield alternative examples of final costs. The following paragraphs describe individual
cost factors.

The cost to the United States is given in this paper as a percentage of total
International Organization costs plus the cost of providing escorts for inspections in the
United States.1

A direct labor cost for inspectors is calculated based on the frequency and duration
of inspections and the size of inspection teams. An overhead factor is then applied to direct
labor to compensate for additional costs to the International Organization to support on-site
verification. Travel costs for inspection teams are added for all travel to inspection sites in
five geographic regions identified in this paper.

The cost of sample analysis is included in our totals although this cost is not linked
directly to a particular type of analytical equipment. These questions are being addressed in
multilateral forums, but until there is a clearer understanding of the analytical capability to
be utilized in off-site facilities or the type of analytical equipment to be brought by
inspection teams, estimates must remain speculative.

Similarly, representative costs for capital equipment are listed at the end of this
chapter. However, because information is unavailable for the type of monitoring
equipment that will be utilized, the source of capitalization, or an appropriate amortization
method, realistic costs for purchases of capital equipment could not be captured under the

1cDp61, Article VIII, pages 23-25.
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broad focus required by this study. The totals provided may be added to the totals in the
illustrative cases, however, for a closer approximation of final requirements.

The analysis applies a variety of information sources. Because of the uncertainty in
all of the cost data used, no rigorous indexing has been applied. All costs presented in this
paper are in undiscounted, approximate 1990 dollars.

B. SAMPLING COSTS

Sampling cost will be determined by the number of samples analyzed per
inspection. Therefore, sample analysis is added to our inspection costs as an additional
cost component for each type of on-site verification (Table II-1).

Table Il-1. Inspections and Sample Analysis

TYPE OF INSPECTION FACILITY

« Initial Inspection Storage, Destruction
Chemical Weapon Production
Schedule 1 ad 2

« Permanent presence Storage (Interim)
Destruction (Interim)
Destruction (Active Period)
» Routine and Periodic Storage
inspections Destruction

Chemical Weapon Production
Schedules 1 and 2

The number of samples and the cost to analyze samples are derived from
information from the Arms Control and Disarmament Agency (ACDA), the National Trial
Inspections, and the US Army. Sample analysis cost varies from $800 to $4,000,
depending on the type of sample (vapor, solid, liquid or equipment wipe samples); the
purpose of analysis (for example, verifying a known homogeneous sample or identifying
the components of an unknown heterogeneous sample); and the required analytical
equipment (such as GC/MS-gas chromatograph/mass spectrometer). We use a value of
$2,000 for each sample taken for off-site analysis; however, this estimate does not cover
the cost of transporting samples to analytical facilities, if necessary.

C. TRAVEL COSTS AND DISTRIBUTION OF INSPECTIONS

We distribute inspections globally by dividing the world into five regions, as
shown in Table II-2. Facilities subject to on-site inspections are distributed among these
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five regions, and commercial airline fares are added for the arrival destinations, or gateway
cities, in each region. Travel costs used in our model are standard economy round trip
rates from Geneva Switzerland to the arrival cities listed in Table II-3.2

Table 1I-2. Reglons for Distribution of Facllities

North/South America
Eastern Europe/USSR
Western Europe
Middle East/Africa
Asla

Table 1I-3. Gateway Cities and Commercial Air Fares

North/South America-- Washington Dulles, USA............. $2214
Eastern Europe/USSR-- Moscow, USSR..........cccccveeeeee $1300
Western Europe-- Brussels, Belgium.......cccoerreerrranncereee $500
Middle East/Africa-- Amman, Jordan......ceeceeeeencescacaonns $1427
Asla-- Tokyo, Jap8R...c.cccccverercrecinicnccrrcnsententonneaccess $4008

Calculated costs reflect the fact that the number of facilities will change over time
and that both the number and location of destruction and storage facilities will vary over the
10-year destruction period. To meet elimination requirements of the Convention,
destruction facilities will have to come on line for active destruction periods. Then, as the
CWC is implemented, storage facilities will be closed out and production facilities will be
eliminated.

The global distribution of commercial chemical facilities that produce, process, and
consume Schedule 2 chemicals is largely unknown. Therefore, an estimate of 20 US
Schedule 2 chemical facilities is used as a starting point to roughly approximate a world
industry allocation suggested by the Chemical Manufacturers Association and other
sources (see Table II-4).

2 Business class fares may be considered appropriate for long distance flights. Round Tip fares would
increase as follows: Washington, DC, USA - $2548 (1274 increase); Moscow, USSR - $1730 (430
increase); Brussels, Belgium - $842 (342 increase); Amman, Jordon - $2060 (633 increase); and Tokyo,
Japan - $9050 (5042 increase).
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Table ll-4. Allocation of Facllities

SCHEDULE 1 SCHEDULE 2 AD HOC
United States/NA+SA--c-cecccoconcmcce- Becermmennvancconnean 20 c-cuccemmmecencnas 170
Eastern Europe/USSR--------mcccsccce- Beacvacccnrcsnccencan 20 ~recemmcccncconnns 170
Western EUrope --------eeecececccaceecce Beenamcencsecccenacan 20 ==eecccccanccances 170
Middle East and Africa------=-c-cvce- 1 0crmcmencccaccconancas B cocemmcnomcmccnnaes 45
Paclfic and Asla-«s-=ceeccvracecacanns 10---r-mcuncenccccanen- 5 emmcecccacuncnvcnnes -45

Our approach to calculating travel costs for Ad Hoc inspections accommodated a
large number of inspections without calculating separate travel costs for each individual
inspection. Our estimates assume that inspection teams are assigned to a region for an
extended period of time. In the base case, Ad Hoc inspections are counted as 12 annual
inspections in each region over a period of 30 days. This approach recognizes that
inspection teams will actually conduct many separate inspections in that same region but
will not return to a central location each time. An additional $20,000 is then added to each
30-day period to cover travel costs within regions.

A worldwide allocation of facilities similar to the Schedule 2 allocation was used to
assign Ad Hoc inspections to geographic regions. A total of 600 inspections? is allocated
to the five regions, resulting in 170 inspections in 3 of the 5 regions and 45 in each of the
other 2 regions. In regions where 170 inspections are allocated, we include the cost of 2
inspection teams (8 inspectors) conducting several inspections but returning to a central
location only 12 times instead of 170 times. In regions where 45 inspections are allocated,
we include the cost of 1 inspection team (4 inspectors) in the region. In regions allocated
170 inspections, there is a significant cost differential between 12 round trip travel fares for
two teams of eight inspectors and 170 round trip travel fares for each team of four
inspectors.4

3 The estimated 600 Ad Hoc inspections per year assumes that a quota of ten requests for Ad Hoc
Inspections are assigned to sixty State Parties. Absent firm data, 600 Ad Hoc inspections was used as
a compromise among numbers provided in our discussions ranging from 25 to 1800. Six hundred may
be seen as a large number if the number of Ad Hoc inspections conducted is driven by a limited budget
and by contrast, viewed as a small number relative to the number of facilities defined as "chemical
weapon capable.”

4 Asindicated by this example, considerable cost savings and a more efficient use of personal time could
be achieved by establishing regional nodes apart from a Geneva- or Vienna-based headquarters. The
IAEA has, for example, two field offices in Toronto, Canada and Tokyo, Japan, to serve major areas of
safeguarded facilities.

-4




D. NUMBER OF FACILITIES

The number of facilities subject to on-site inspection and the permanent presence of
an inspector can only be estimated.” The number of facilities to be monitored by the
International Organization cannot be calculated with any degree of precision until the
number of State Parties to the final Convention is known and until those Parties have
provided data on their chemical industry to the International Organization.

1. Storage Facilities

Thirty-eight storage facilities are counted in our base case estimates. Nine of these
storage facilities are US sites at the following locations: Umatilla, Oregon; Tooele, Utah;
Pueblo, Colorado; Pine Bluff Arsenal, Arkansas; Newport Army Ammunition Plant,
Indiana; Lexington Blue Grass, Kentucky; Anniston, Alabama; Aberdeen, Maryland; and
Johnston Island, Pacific. Based on an unclassified Defense Intelligence Agency
publication, nine storage facilities are are estimated for the Soviet Union.® Twenty
additional storage facilities are included for reported possessor states.” No storage facilities
were included for the Federal Republic of Germany since it is assumed that chemical
weapons will be removed from there before a multilateral convention enters into force.
Table II-5 displays the number of storage facilities assumed to exist in each region as a
function of time after entry into force (EIF) of the Convention. The numbers decrease over
time to reflect the closure of storage facilities as weapons stocks are destroyed. No storage
facilities are assumed to exist beyond 10 years after EIF.

5 The Netherlands submitted data on their chemical industry in CD/CW/WP.203 of 19 July 1988. In

CD/828, 12 April 1988, Provision of Data Relevant to the Chemical Weapons Convention, the
Federal Republic of Germany provided an outline for the submission of essential data. As of last year,
only a few nations, including the German Democratic Republic (CD/871, CD/CW/WP.212, 12
September 1988) and Austria (CD/CW/WP.238, 10 April 1989) had submitted data on their chemical
industry. Our calculations were completed before we received data provisions from Japan
(CD/CW/WP.281, 16 March 1990), Hungary (CD/969, CD/CW/WP.277, 19 February 1990) and
Sweden (CD/CW/WP.280, 16 March 1990).

Defense Intelligence Agency, Soviet Chemical Weapons, 1985.

See, for example, the testimony of CIA Director William Webster in Testimony before the Senate
Committee on Foreign Relations, March 1, 1989, page 29: "Currently we believe that as many as 20
countries may be developing chemical weapons, and we expect this trend to continue, despite ongoing
multilateral efforts to stop their proliferation.” An estimate of 20 possessor states has been repeated
frequently by US officials, including President Bush and officials from the Arms Control and
Disarmament Agency. Assistant Secretary of State for Politico-Military Affairs, Richard Clark, stated
in September at the Government & Industry Conference on Chemical Weapons, "To the best of our
information, there are 22 nations that have chemical weapons in their inventories, controlied by their
military and ready for use."
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| u.s.

Table II-5. Estimated Number of Operational Storage Facllities

Year following EIF 1 2 3 a 5 6 7 8 9 10
U.s. 9 9 8 5 2 2 2 2 2 2
E. Europe USSR 16 16 16 15 15 14 10 8 5 2
W. Europe 1 1 1 0 0 0 0 0 0 0
Middle East 8 8 7 7 6 5 4 3 2 1
Pacific 4 4 4 3 3 3 2 1 1 1

2. Destruction Facilities

Destruction facilities also are distributed across both time and geographic regions in
our base case estimates (Table II-6). Nine US facilities are counted after EIF based on the
US demilitarization plan. Additional destruction facilities are accounted for in the base case
estimates by giving a year when other nations will have destruction facilities on line. For
each year after EIF, the estimates show the number of destruction facilities assumed to be
operating in each region. For example, 12 facilities are assumed to be operational in year 3
and 10 facilities in year 7. No destruction facilities are assumed to be operating beyond 10
years after EIF. The numbers of facilities shown in the table are aggregate numbers that do
not reflect the opening and closing of individual facilities. Altogether, Table II-6 represents
34 individual facilities.

Table I-6. Estimated Number of Operational Destruction Facllities

Year following EIF

1
2
E. Europe USSR 1
W. Europe 1
Middle East 0
Pacific 0
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3. Chemical Weapon Production Facilities

Thirty-five facilities are counted in our base case estimate for chemical weapon
production facilities (Table II-7). The United States has five facilities located at Aberdeen,
Maryland; Muscle Shoals, Alabama; Newport, Indiana; Pine Bluff, Arkansas; and Rocky
Mountain Arsenal, Colorado. Based on an unclassified DIA publication, 10 are counted
for the Soviet Union.® An additional 20 are counted for the reported possessor states. In

8 pIA, Op. cit.




the table, these numbers decrease over time as productidn facilities are destroyed. No
chemical weapon production facilities are assumed to exist after year 10.

Table 1I-7. Estimated Number of Operational Production Facllities

Year following EIF 1 2 3 4 5 6 7 8 9 10
U.S. 5 5 4 4 3 3 2 2 1 1
E. Europe USSR 14 14 14 13 10 7 6 5 4 3
W. Europe 1 1 1 1 1 0 0 0 0 0
Middle East 8 8 8 7 6 6 5 5 4 3
Pacific 7 6 5 4 3 3 2 2 2 1

4. Schedule 1 Chemical Facilities

As it now stands, the CWC will permit Schedule 1 chemical production and use for
protective, research, and medical or pharmaceutical purposes. Thus 36 Schedule 1
facilities are counted in our base case estimates.

S. Schedule 2 Chemical Facilities

Seventy Schedule 2 chemical facilities are included in our base case estimates, as
noted above (Section C) in the discussion on travel cost allocation. Information on the
distribution and number of worldwide facilities is fragmented and contradictory. For
example, if threshold considerations are adopted as proposed by the United States and
others, only facilities that produce or use schedule chemicals above a 10-ton threshold will
be subject to on-site inspections. Estimates made for thousands of US Schedule 2 facilities
may not include this limiting consideration.” On the other hand, the estimate of 20 US
Schedule 2 production facilities--offered by the Chemical Manufacturers Association,
which represents 90 percent of US industry--may exclude a significant number of other
chemical facilities that use but do not produce a schedule chemical. Including these
facilities could increase the estimated number of facilities subject to inspection fivefold if
the widely held view that there are five consumers for each producer is applied.10 Yet,

US Assistant Secretary of State for Politico-Military Affairs and head of the US Delegation to the
Government & Industry Conference on Chemical Weapons (September 1989), Richard Clark, stated,
"It'll be necessary for inspection of upwards of 3000 chemical plants in the United States alone and
10,000 chemical plants around the world."

A recent submission to the Conference on Disarmament included 16 Schedule 2 production facilities
above the 10-ton threshold and an additional 65 processing and consuming companies.
CD/CW/WP.281, 16 March 1990, Japan, Provision of Data Relevant to the Chemical Weapons
Convention. Sweden reported only one production facility (the threshold amount was not specified) and
6 "import" companies (CD/CW/WP.280, 16 March 1990).

10
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again, the threshold criteria may limit the actual number of facilities that will be inspected.
The United States is investigating the number of facilities under a separate contractor study
supported by the CMA.

E. MANPOWER AND OVERHEAD COSTS

The manpower estimates assume that individual inspectors are available to work
200 days a year based on 5-day workweeks with days subtracted for holidays, vacation,
and sick leave. During the available 200 days, inspectors would conduct inspections,
travel, and prepare inspection documentation. The annual salary per inspector is estimated
to be $70,000 . UN pay scales for senior or technical personnel indicate that a grade P-5
(unmarried) stationed in Geneva receives an adjusted salary of $67,233. This salary may,
however, be inadequate to recruit qualified personnel with the appropriate technical skills
and experience necessary for the Inspectorate.11

Additional expenses for the International Organization are accounted for by using an
overhead factor of three. This factor is based on available corporate overhead data for the
Washington, D.C., area. Administering the organization will require technical staff to
support a variety of functions, ranging from laboratory tasks to data management, as well
as support staff and materials not related directly to inspections.12 These costs are assumed
to be included in overhead.

F. COSTS TO DoD AND THE US

DoD costs for escorts of international inspection teams are calculated by taking
representative costs provided by the On-Site Inspection Agency (OSIA) for the Intermediate
Nuclear Forces (INF) treaty. Typical OSIA estimates for INF were given as $50,000 for a
1-week inspection and $400,000 for a 1-year permanent presence at a facility.13 These
numbers were subjectively modified to fit the proposed CWC inspection framework; that
is, escort costs are not calculated directly by the number of inspectors or escorts. An

11 Resource implications for personnel requirements were gleaned from the following submission to the
Conference on Disarmament: Canada, Chemical Weapons Convention: Article VIII, Factors Involved
in Determining Verification Inspectorate Personnel and Resource Requirements, 21 March 1988.
Another source, Arms Control Verification Occasional Papers, number 3, "International Atomic
Energy Agency Safeguards as a Model for Verification of a Chemical Weapons Convention”, edited by
H. Bruno Schiefer and James F. Keeley (1989), reported that Canada is continuing to develop a
quantitative model to estimate inspection responsibilities of the International Inspectorate.

12 One source suggested that a 1:1 ratio of inspectors to support staff may be required.
13 Travel costs are included.




overhead factor of 1.6, based on OSIA information, was added to the escort cost. The data
from OSIA was used in the base case and is shown in Table II-8.

Table 1I-8. Escort Cost for the Base Case

OSI/0SV ESCORT

15 day Storage Inventory...........ccceceiunnee. .$100,000
5 day Routine Inspection or Installation Visit. $50,000
2 day Inspection........ceceeiiiiiiiccicenennnanae. $10,000
AD HOC ESCOmt....ccoocveinrnnecnccccannss $100,000 a year

PERMANENT PRESENCE

150 day Storage Facllity Presence............. $200,000
150 day Destruction Presence................. $150,000
365 day Active Destruction Faclilty............ $300,000

We have not included counterintelligence costs in our estimates, but such costs may
be incurred for activities to protect sensitive communications links and for FBI
surveillance.

The budget of the International Organization will be apportioned to State Parties in a
manner that has yet to be determined. Proposals include applying United Nations funding
rules and practices, allocating to each State Party a percentage equal to the inspection
burden in that nation, or adopting a special financing mechanism such as that used in the
safeguards system of the IAEA.14 We have apportioned a 40 percent contribution to the
US in our illustrative cases.}3 The sensitivity of this factor is discussed in Chapter III.

14 The IAEA finances safeguards under a special regime and through extra-budgetary contributions. After
an economic adjustment among the States, 36 states pay 98 percent of the expenses.

15 U.S. costs are given as 40 percent of total costs. The study team received estimates of the US
contribution which ranged from 15 percent to 60 percent. Forty percent was chosen to accommodate
proposals for allocating costs between administrative functions and operational expenses of the
International Organization. Thus, the United States might contribute 25 percent to the international
administrative functions and be required to contribute a higher percentage of the operational expenses
since it is a State Party with a large stockpile destruction program and a large number of chemical
facilities.
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G. CAPITAL COSTS

1. Headquarters Buildings and Other Facilities

The International Organization will incur capital costs to establish buildings to
house the Headquarters of the International Organization and a Central Laboratory. There
may be additional requirements, including regional offices and laboratory facilities, as part
of a final agreement. Yet at this time neither the location nor the extent of facility
requirements can be forecast from available information. Costs will, however, be sensitive
to location. For example, a building to support an Inspectorate staff of 600 personnel can
be constructed in Northern Virginia for approximately $45 million, but construction costs
can be expected to be higher in other locations such as Geneva or Vienna.

2. Equipment and Instrumentation

Equipment requirements depend on the inspection task, the type of sample, the
degree of sensitivity needed for analysis, and the issues of reliability and portability.
Required analytical equipment continues to be discussed in many venues internationally,
and proposed equipment covers a broad range of possible technologies. Technologies
considered range from available equipment, such as gas chromatographs and portable mass
spectrometers, to possible future technology such as ultrasonics.

Because analytical tasks required by the CWC can be performed by different types
of equipment and because conclusions for equipment requirements are tentative, we have
not addressed specific equipment types for individual tasks or the capital requirements to
purchase equipment. We have, however, provided representative costs of equipment
packages so that they may be added to total costs.

a. Team Equipment

A recent report by the Technical Group on Instrumentation16 outlined equipment
related to analytical tasks for declared facilities. In Table II-9, we have shown the
equipment related to the inspection framework for facilities and added equipment costs
based on data provided by chemists, the US Army, and open literature.

16 Db/CW/WP.272, 22 January 1990, Report of the Technical Group on Instrumentation.
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Table 1I-9. Representative Team Equipment Costs (Part 1 of 2)

STORAGE
1 Standard Team Pkg GC $45,000
1 Standard Team Pkg GC $45,000
1 Standard Team Pkg GC $45,000
1 Supplemental Pkg HPLC $70,000
GC/MS $200,000
IR $65,000
MS $100,000
Total $570,000
DESTRUCTION

Each Facllity 1 GC @ $45,000
X 15 = $675,000
Subtotal = $675,000

Supplemental Pkg
1 HPLC @ $70,000
1 IR @ $65,000
1 GC/MS @ $200,000
1 MS @ $100,000
Subtotal $435,000
Total $1,110,000

PRODUCTION

1 Standard Team Pkg GC $45,000
1 Standard Team Pkg GC $45,000
1 Supplemental Pkg MS $100,000
HPLC $70,000
Total $260,000

--------------------------------------------------------------------------------

Note: GC = gas chromatograph; HPLC = high performance liquid chromatograph;
GC/MS = gas chromatograph/mass spectrometer; IR = infra-red spectroscopy;
MS = mass spectrometer.
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Table 1I-9. Representative Team Equipment Costs (Part 2 of 2)

SCHEDULE 1
1 Standard Team Pkg GC @ $45,000
1 Standard Team Pkg GC @ $45,000
1 Standard Team Pkg GC @ $45,000
1 Supplemental Pkg MS @ $100,000
HPLC @ $70,000
IR @ $65,000
GC/MS @ $200,000
Total $570,000
SCHEDULE 2
1 Standard Team Pkg GC @ $45,000
1 Standard Team Pkg GC @ $45,000
1 Standard Team Pkg GC @ $45,000
1 Standard Team Pkg GC @ $45,000
2 Supplemental Pkg MS @ $100,000
HPLC @ $70,000
GC/MS @ $200,000
Total $920,000
GRAND TOTAL $2,990,000

For each category of the inspection framework, we have listed a minimum
equipment package and a supplemental equipment package for inspection of each type of
facility. The equipment lists include gas chromatograph (GC), high performance liquid
chromatograph (HPLC), mass spectrometer (MS), low-resolution mass spectrometer
(LRMS), high-resolution mass spectrometer (HRMS), infrared spectroscopy (IR), and gas
chromatograph-mass spectrometer (GC-MS). The cost of this equipment can then be
added when final requirements are determined. The estimated total cost of equipment listed
is $3 million.

b. Central Laboratory Equipment

Equipment also may be purchased to equip a central laboratory. Representative
costs of central laboratory equipment are provided in Table II-10. The minimum cost for
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instrumentation for a central laboratory has been estimated to be approximately $1 million;
however, this estimate may be conservative if state-of-the-art instrumentation is selected. 7

Table 1I-10. Representative Central Laboratory Equipment Costs

MS/MS $350,000
NMR $530,000
GC/MS $200,000
Total $1,080,000

Note: MS/MS = mass spectrometer/mass spectrometer;
NMR = nuclear magnetic resonance
GC/MS = gas chromatograph/mass spectrometer

c. Surveillance, Containment and Process Monitoring Equipment

As it now stands, the draft CWC relies heavily on the use of instrumentation to
meet the verification objectives of continuous monitoring by surveillance and containment
or monitoring through process control instrumentation. Until the unique characteristics of
each facility are evaluated and developed in the separate facility agreements, cost estimates
must remain tentative. Nonetheless, equipment cost data is presented to illustrate a range of
potential costs. And while technical analysis of equipment for feasibility and availability
criteria was beyond the scope of this task, we have assumed a constant cost of $250,000
per facility for a maximum of 213 facilities.

Representative costs for surveillance and containment equipment (video cameras,
seals, intrusion detectors, and supporting equipment for satellite data transmission adapted
for the CWC) were given in a working paper to the Conference on Disarmament in 1985.18
The estimated 8 cameras and 12 intrusion detectors presented in the report would be
inadequate, however, at a US chemical storage facility with more than 200 storage
bunkers. On the other hand, much of the equipment described in CD/619 is used routinely
for security at US storage sites.

The cost for one type of automatic monitoring system (which may not be
appropriate for all types of facilities) for a commercial facility has been estimated at

17 The Ministry For Foreign Affairs of Finland, Helsinki 1984, Technical Evaluation of Selected

Scientific Methods For The Verification of Chemical Disarmament, pages 37 - 68. This range is
supported by U.S. industry experience.

CD/619, 23 July 1985, Japan, Application of (Nuclear) Safeguards Remote Verification Technology to
Verification of a Chemical Weapons Convention.

18
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$250,000.19 This system is listed in Table II-11. A total of 213 facilities is derived by
adding storage (38), destruction (34), production (35), Schedule 1 (36) and Schedule 2
(70) as facilities that may require instrumentation.

Table I-11. Cost Estimate for Process Monitoring Equipment

Fiow Measurement Instruments $32,000.00
Collection Subsystem $20,000.00
Analysis Subsystem $50,000.00
Data-Processing Subsystem $120,000.00
installations and Other Services $28,000,00

Total per facility $250,000.00
Grand Total for 213 facilities $53.25 million

d. Satellite Remote Monitoring Equipment

This section details the possible cost of a data monitoring system. The information

presented here is taken from a report produced for the Arms Control and Disarmament
Agency (ACDA)2. The cost of the remote monitoring system is sensitive to a number of
considerations: the number of terminals, the requirements for geographic coverage, and the
amount of data transmitted. The estimated cost of $37,690,000, presented in Table II-12, is
based on a system surveying 213 facilities and designed to transmit both data and images.
The actual cost to design, procure, and install such a system will undoubtedly be higher.
The cost of data handling and review has yet to be determined, and information is
unavailable on how the International Organization would store, retrieve, and use the results

of remotely transmitted information.

19

20

O.V. Perroni, SIPRI, "Possibilities For Automatic Monitoring of Chemical Products,” Non-
Production by Industry of Chemical-Warfare Agents; Technical Verification Under a Chemical Weapons
Convention, Vol. 9, edited by S.J. Lundin, 1988, page 96 - 101. See also in this same publication,
N. Kyriakopoulos and R. Mikulak, "Instrumented monitoring of the Chemical Industry Under a
Chemical Weapons Ban.”

CD/WP.268 1990, United States, Data Collection System Requirements of Remotely Monitored
Sensors Used in Chemical Warfare Treaty Verification AC87MC103-Task 2-1.
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Table lI-12. Estimated Satellite Remote Mohltoﬂng System Cost

Design cost = $10,000/man month « (200 month base design time +
(8 month/design time/site - 213 sltes)) = 19,040,000

Cost = 2:($4,000,000/per hub) + (213/terminals « $50,000/per terminal)
= 18,650,000

TOTAL COST = $37,690,000

e. Total Capital Cost

The total estimated capital cost is $140,010,000, as shown in Table II-13. If the
US contributed 40 percent of the capital cost, its allocation would be $56 million. While
the capital cost will vary with the location, size of buildings required, and the type and
amount of equipment procured, the capital cost is probably the least sensitive of all costs to
alternative assumptions regarding the inspection framework. The cases examined in
Chapter ITI do not include the capital costs listed here.

Table 1I-13. Estimated Capital Costs (miliilons of dollars)

HQ Bullding $45.00
Team Instrumentation $2.99
Laboratory Instrumentation $1.08
Facilities Instrumentation $53.25
Satellite Network _$37.69

$140.01
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III. RESULTS

A. INTRODUCTION

This chapter combines the inspection framework of Chapter I and the cost factors
outlined in Chapter II to present estimates for a base case and eight other illustrative cases.
The cost cases illustrate the impact of using different assumptions for key verification
components like the frequency of inspections or the size of inspection teams. The cost
model varies the uncertain resource requirements to show alternatives. As a further step,
the sensitivity of individual data inputs is demonstrated by giving the impact on total cost of
a single or a combined input change. Capital costs for resource requirements are not added
to the example totals, but are included as an example.

B. CASE RESULTS

1. Base Cost Case Estimates
International Cost: $770 million for 15 years
Cost to US: $363 million for 15 years

The annual cost for the international base case is shown in Figure III-1. The
breakout of US costs by year is shown in Figure ITI-2. The base case follows the on-site
inspection framework, and Tables III-1 through III-7 restate that data as a reference to
compare with changes made in other cases. For all the other cases, any changed data
inputs are presented in bold text. Figure III-3 compares the annual cost of the base case for
the International Organization and the United States. Note that the US costs are more than
40% of the international costs because of the amount of US resources devoted to escort.
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Base Case Storage Facllity Data

INSPECTIONS
ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
(DAYS) RECOVERY osl/osv
(DAYS) {DAYS)
INITIAL INSPECTION 6 15 10 25 1
PERMANENT PRESENCE - PR wo T e T 1
INSTALLATION Wis[T e T T e T s T T
HOUTINE INSPECTION | e s T s & R
CLOSEOUT INSPEGTION o T T e T T
FACILITIES
Year 1 2 3 4 5 6 8 9 10
us 9 9 8 5 2 2 2 2 2 2
E. Europe USSR 16 16 16 15 15 14 10 8 5 2
W. Europe 1 1 1 0 0 0 0 0 0 0
Middle East/Africa 8 8 7 7 6 5 4 3 2 1
Pacific/Asia 4 4 4 3 3 3 2 1 1 1




Table llI-2. Base Case Destruction Faclilty Data

INSPECTIONS
ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
(DAYS) RECOVERY osi/osV
(DAYS) (DAYS)
INITIAL INSPECTION 6 10 15 25 1
PERMANENT PRESENCE ¢ PO v
INSTALLATION visTT s s TS T 20 1
INSPECTIONS . s T s T R 1
CLOSEQUT NSPECTION g 2T s T o A
FACILITIES
Year 1 2 3 4 5 6 7 8 9 10
Us 2 2 7 7 4 0 0 0 1 1
E. Europe USSR 1 1 3 5 5 5 5 5 4 4
W. Europe 1 1 1 0 0 0 o0 0 0 0
Middle East/Africa 0 0 1 2 3 3 3 3 3 3
Pacific/Asla 0 0 0 1 1 2 2 2 2 2
Table IlI-3. Base Case Production Facility Data
INSPECTIONS
ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
(DAYS) - RECOVERY osl/osv
{DAYS) {DAYS)
INITIAL INSPECTION 6 10 10 20 1
CLOSURE INSPEGTION (Aher 8 777 77ormmmmmmmsmmmmmmmmmmm
Months EIF) 6 2 8 10 1
INSTALLATION wISIT s Ty T s 0 i
HOUTINE INSPECTIONS - 8T s w T R
ELIMINATION INSPECTIONS 4 2 8 10 2/YR
CLOSEQUT INSPECTIONS - 2T A e T
FACILITIES
Year 1 2 3 4 5 6 7 8 9 10
us 5 5 4 4 3 3 2 2 1 1
E. Europe USSR 14 14 14 13 10 7 6 5 4 3
W. Europe 1 1 1 1 1 0 0 0 0 0
Middie East/Africa 8 8 8 7 6 6 5 5 4 3
Pacific/Asla 4 4 4 3 3 3 2 2 2 1




Table Ill-4. Base Case Schedule 1 Chemical Faclility Data

INSPECTIONS
ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
(DAYS) RECOVERY osi/osv
(DAYS) (DAYS)
SCHEDULE 1
INITIAL INSPECTION 6 8 10 18 1
INSTALLATION wist e T T s T T e T T
BOUTINE INSPECTION p T s w R
FACILITIES
United States/NA+SA 3
Eastern Europe/USSR 5
Western Europe 8
Middle East/Africa 10
Pacific/Asla 10
Table 1ll-5. Base Case Schedule 2 Chemical Facility Data
INSPECTIONS
ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
(DAYS) RECOVERY osiosv
(DAYS) (DAYS)
INITIAL_VISIT 6 4 10 14 2
INTAL INSPEGTION e Ty T e T T
INSTALLATION wisrt s s T s 20 1
HOUTINE INSPECTIONS 6 TTTTRTTTTREITTTTTTTTTTT w T R
FACILITIES
United States/NA+SA 20
Eastern Europe/USSR 20
Western Europe 20
Middle East/Africa 5
Pacific/Asla 5
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Table IlI-6. Base Case Ad Hoc Inspeétlons

INSPECTIONS
ACTIVITY PERSONNEL TIME-ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
{DAYS) RECOVERY 0S1/0SV
(DAYS) (DAYS)
« VERIFY NON-MISUSE OF ) 1 . . -
LOCATIONS
United States/NA+SA 170
Eastern Europe/USSR 170
Western Europe 170
Middle East/Africa 45
Pacific/Asia 45
Table lll-7. Base Case Cost Factors
Avallable work days per Inspector 200
US fractional contribution to the
International Organization 40%
Overhead factor for the International Organization 3
US overhead factor for inspection support 1.6
Annual direct cost per Inspector $70.000
Cost to analyze a sample $2.000
Transportation cost
NA/SA $2.214
EEUR/USSR $1.300
WEUR $500
ME/Africa $1.427
PAC/Asia $4.000
Time horizon EIF_through 15th_year




2. Cost Case 1: Base Case Data with Ad Hoc Inspections Increased From
600 Per Year to 1,200 Per Year
International Cost: $1052 Million for 15 years
Cost to the US: $475 Million for 15 years

In Case 1, all data inputs from the base case are retained, but the number of Ad Hoc
inspections is doubled from 600 per year to 1,200 per year. This increases the number of
Ad Hoc inspections for 14 (years 2-15) years by 8,400 and increases US costs by $112
million. Table ITI-8 shows the input change. Figure III-4 compares the US for the base
case and Case 1.
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Figure lll-4. Case 1 (Doubled Ad Hoc Inspections) vs. Base Case: US Costs,
Escorts Included

Table Ili-8. Case 1 Input Changes

AD HOC INSPECTIONS

Base = 600 Case 1 = 1200
United StateS/NA+SA.........cvveenveencen 170, cccccninaccccnnncnncccasscas 340
Eastern Europe/USSRH........cccccevuaaeeene 170.ciiiicnnnecncccenncanceanes 340
Western EUroPe.......covirveccersnnnncncnces 170, . cceciariensccncccennennnsens 340
Middle East/Africa.........c.cciuinreceaicncnns . Koenncunsens 90
Paclfic/ASIA . .ccceeiiiiniinnrecnriinencannennns 45...iiiiiiiiiiiiiiinseneannes 90




3. Cost Case 2: Base Case Data with Routine Inspections Doubled

International Cost: $918 million for 15 years
Cost to the US: $464 million for 15 years

Case 2 retains the base case data inputs but increases the frequency of routine on-
site inspections as shown in Tables III-9 and III-10. On-site inspections for storage,
production, and Schedule 1 & 2 chemical facilities are doubled in years 2 through 15 after

the Convention enters into force.

Case 2 increases the base case estimates to the United States from $363 million to

$464 million as shown in Figure III-5.
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Table llI-9. Case 2 Changes

INSPECTIONS AT STORAGE FACILITIES

ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
(DAYS) RECOVERY oSsl/osV
(DAYS) (DAYS)
INITIAL _INSPECTION 6 15 10 2 1
PERMANENT PRESENCE 4 150 150 1
INSTALLATION VISIT 5 5 10 15 1
ROUTINE INSPECTION 6 5 8 13 2/YR
CLOSEOUT INSPECTION 2 2 8 10 :

INSPECTIONS AT DESTRUCTION FACILITIES

ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY

. (DAYS) RECOVERY OSI/0sV

(DAYS) {DAYS)
INITIAL INSPECTION 6 10 15 25 1
PERMANENT PRESENCE 4 150 150 1
INSTALLATION VISIT 3 5 15 20 1
INSPECTIONS 4 365 0 365 1
CLOSEOQOUT INSPECTION 2 2 8 10 1

INSPECTIONS AT CHEMICAL WEAPONS PRODUCTION

FACILITIES
ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
{DAYS) RECOVERY osI/0svV
{DAYS) {DAYS)
INITIAL INSPECTION 6 10 10 20 1
Gtter 3 T
Months EIF) 6 2 8 10 1
INSTALLATION VISIT 5 s T s 0 T
BOUTINE INSPECTIONS 4 2 8 10 2/YR
ELIMINATION INSPECTIONS 4 2 8 10 4/YR
CLOSEOUT INSPECTIONS 2 Ty T s R




Table Ill-10. Case 2 Changes

INSPECTIONS AT SCHEDULE 1 FACILITIES

ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
RECOVERY 0Ss1/0SV
(DAYS) {DAYS)
SCHEDULE 1
INITIAL INSPECTION 6 8 10 18 1
INSTALLATION VISIT 5 5 15 20 1
BOUTINE INSPECTION 2 2 8 10 2/YR

INSPECTIONS AT SCHEDULE 2 FACILITIES

ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY|
RECOVERY - 0OSsI/osvV
(DAYS) (DAYS)
INITIAL VISIT 6 4 10 14 2
INITIAL INSPECTION 6 ’ 2 ’ 8 i - -10- ’ o ;— ’
INSTALLATION VISIT 5 5 15 20 1
BOUTINE INSPECTIONS 6 2 8 10 2/YR

AD HOC INSPE_CTIONS

ACTIVITY PERSONNEL TIME-ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
(DAYS) RECOVERY 0SI/0sV
{DAYS) (DAYS)

» VERIFY NON-USE OF

11-10




4. Cost Case 3: Base Case with Larger Inspection Teams
International Cost: $1298 million for 15 years
Cost to the US: $572 million for 15 years

Case 3 increases the number of inspectors for each inspection (except teams for
installation visits) by a factor of between 1.6 to 2. Input changes are shown in bold in
Tables ITI-11 and ITI-12, and the annual costs are presented in Figure I1I-6.
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Figure 1I-6. Case 3 (Larger Inspection Teams) vs. Base Case: US Costs,
Escorts Included
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Table Ill-11. Case 3 Changes

INSPECTIONS AT STORAGE FACILITIES

ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
RECOVERY 0s|/osV
(DAYS) (DAYS)
INITIAL INSPECTION 10 15 10 25 1
PERMANENT PRESENCE 8 150 150 1
INSTALLATION VISIT 5 10 15 1
BOUTINE INSPECTION 10 5 8 13 1NR
CLOSEOUT INSPECTION 4 2 8 10 1

INSPECTIONS AT DESTRUCTION FACILITIES

ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
{DAYS) RECOVERY oSl/osV
{DAYS) {DAYS)
INITIAL INSPECTION 10 10 15 25 1
PERMANENT PRESENCE 8 150 150 1
INSTALLATION VISIT 5 5 15 20 1
INSPECTIONS 8 365 0 365
CLOSEQUT INSPECTION 4 2 8 10 1

INSPECTIONS AT CHEMICAL WEAPONS PRODUCTION

ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY|
(DAYS) RECOVERY OSl/osSvV
{DAYS) {DAYS)
INITIAL INSPECTION 10 10 10 20 1
CLGRURE INSPECTION ey 8 77T
Months EIF) 10 2 8 10 1
INSTALLATION VISIT 5 s T T 2 T
ROUTINE INSPECTIONS 8 2 8 10 1YR
ELIMINATION INSPECTIONS 8 2 8 10 2NR
CLOSEOUT INSPECTIONS 4 1 5 6 1YR

Im-12




Table llI-12. Case 3 Changes'

INSPECTIONS AT SCHEDULE 1 FACILITIES

ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY|
(DAYS) RECOVERY osl/osv
{DAYS) {DAYS)
SCHEDULE 1
INITIAL INSPECTION 10 8 10 18 1
INSTALLATION wiSIT P 15 20 T
BOUTINE INSPECTION 4 2 8 10 1R

INSPECTIONS AT SCHEDULE 2 FACILITIES

ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY|
(DAYS) RECOVERY 0SI/oSV
{DAYS) {DAYS)
INITIAL VISIT 10 4 10 14 2
INITIAL INSPECTION 10 2 8 10 1
INSTALLATION VISIT 5 5 15 20 1
BOUTINE INSPECTIONS 10 2 8 10 1YR

AD HOC INSPECTIONS

ACTIVITY PERSONNEL TIME-ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
(DAYS) RECOVERY osl/osv
{DAYS) (DAYS)

» VERIFY NON-MISUSE OF
CW CAPABLE EQUIPMENT 8 1 3 4 600/YR
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5. Cost Case 4: Base Case with Quarterly Inspections
International Cost: $1238 million for 15 years
Cost to the US: $628 million for 15 years
Case 4 increases the frequency of routine on-site inspections from once a year to
four times a year as shown in Tables III-13 and III-14. Figure III-7 compares the cost to

the US for the base case and Case 4.
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Figure Il-7. Case 4 (Quarterly Routine Inspections) vs. Base Case: US Costs,
Escorts Included
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Table lI-13. Case 4 Changes

INSPECTIONS AT STORAGE FACILITIES

ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
(DAYS) RECOVERY 0SI/0SV
{DAYS) (DAYS)
INITIAL . INSPECTION 6 15 10 25 1
PERMANENT PRESENCE 4 150 150 1
INSTALLATION VISIT 5 5 10 15 1
BOUTINE INSPECTION 6 5 8 13 4/YR
CLOSEOUT INSPECTION 2T 8 10 1

INSPECTIONS AT DESTRUCTION FACILITIES

ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY

(DAYS) RECOVERY oSl/osV

(DAYS) {DAYS)
INITIAL INSPECTION 6 10 15 25 1
PEBMANENT PRESENCE (interim) 4 150 150 1
INSTALLATION VISIT 5 5 15 20 1
(ACTIVE DESTRUCTION) 4 365 o 365 1
CLOSEQUT INSPECTION 2 2 8 10 1

INSPECTIONS AT CHEMICAL WEAPONS PRODUCTION

ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
(DAYS) RECOVERY 0SI/0SV
{DAYS) (DAYS)
INITIAL INSPECTION 6 10 10 20 1
CLOSURE INSPECTION (INTIAL) 6 2 T s w T T
INSTALLATION VISIT 5 5 s 2 T
BOUTINE INSPECTIONS 4 2 8 10 4/YR
» ELIMINATION INSPECTIONS 4 2 8 10 8/YR
+ CLOSEOQUT INSPECTIONS 2 1 5 6 1YR




Table 1l-14. Case 4 Changes

INSPECTIONS AT SCHEDULE 1 FACILITIES

ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
(DAYS) RECOVERY osl/osv
{DAYS) {DAYS)
SCHEDULE 1
INITIAL INSPECTION 6 8 10 18 1
INSTALLATION VISIT 5 5 15 20 1
BOUTINE INSPECTION 2 2 8 10 4/YR

INSPECTIONS AT SCHEDULE 2 FACILITIES

ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
(DAYS) RECOVERY osl/osV
(DAYS) {DAYS)
INITIAL_VISIT 6 4 10 14 2
INITIAL INSPECTION 6 2 8 10 1
INSTALLATION VISIT 5 5 15 20 1
BOUTINE INSPECTIONS 6 2 8 10 4/YR

AD HOC INSPECTIONS

ACTIVITY PERSONNEL TIME-ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY|
(DAYS) RECOVERY osl/osv
(DAYS) {DAYS)

+ VERIFY NON-REPORTED
PRODUCTION OF
SCHEDULE CHEMICALS 4 1 3 4 600/YR
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6. Cost Case 5: Base Case with Quarterly Routine Inspections and 1,200

Ad Hoc Inspections
International Cost: $1520 million for 15 years

Cost to US: $741 million for 15 years

Case 5 increases routine on-site inspections to four times a year and doubles the
number of ad hoc inspections from 600 a year to 1,200. US costs are compared in Figure

III-8.
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Figure lli-8. Case 5 (Quarterly Routine Inspections Pius Doubled Ad Hoc
inspections) vs. Base Case: US Costs, Escorts Included
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7. Cost Case 6: Base Case with Biennial Routine Inspections
International Cost: $628 million for 15 years
Cost to US: $305 million for 15 years
Case 6 reduces the frequency of routine on-site inspections to every other year as
shown in Tables ITI-15 and ITI-16. See Figure III-9 for annual US costs.
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Figure lll-9. Case 6 (Blennlal Routine Inspections) vs. Base Case: US Costs,
Escorts Included
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Table llI-15. Case 6 Changes
(B = every other year)

INSPECTIONS AT STORAGE FACILITIES

ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY

(DAYS) RECOVERY osi/osv

(DAYS) {DAYS)
INITIAL INSPECTION 6 15 10 25 1
PEBRMANENT PRESENCE 4 150 150 1
INSTALLATION VISIT 5 5 10 15 1
BOUTINE INSPECTION 6 5 8 13 B
CLOSEOUT INSPECTION 2 2 8 10 1

INSPECTIONS AT DESTRUCTION FACILITIES

ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY

(DAYS) RECOVERY 0SI/08V

{DAYS) {DAYS)
INITIAL INSPECTION 6 10 15 25 1
PERMANENT PRESENCE 4 150 150 1
INSTALLATION VISIT 5 5 15 20 1
INSPECTIONS 4 365 0 365 1
CLOSEQUT INSPECTION 2 2 8 10 1

INSPECTIONS AT CHEMICAL WEAPONS PRODUCTION

ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
{DAYS) RECOVERY [e}:1V]e}:1")
(DAYS) (DAYS)
INITIAL INSPECTION 6 10 10 20 1
CLOSURE INSPECTION (After 3 o rmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
Months EIF) 6 2 8 10 1
INSTALLATION VISIT 5 5 15 20 1
BOUTINE INSPECTIONS 4 2 8 10 B
ELIMINATION INSPECTIONS 4 2 8 10 B
CLOSEOUT INSPECTIONS 2 1 5 6 VR
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Table Ill-16. Case 6 Changes
(B = every other year)

INSPECTIONS AT SCHEDULE 1 FACILITIES

ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
(DAYS) RECOVERY 0S1/0SV
{DAYS) (DAYS)
SCHEDULE 1
[NITIAL INSPECTION 6 8 10 18 1
INSTALLATION VISIT 5 5 15 20 1
BROUTINE INSPECTION 2 2 8 10 B

INSPECTIONS AT SCHEDULE 2 FACILITIES

ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
(DAYS) RECOVERY OSI/OSV
{DAYS) {DAYS)
INITIAL VISIT 6 4 10 14 2
INITIAL INSPECTION 6 2 8 10 1
INSTALLATION VISIT 5 g TS 0 1
BROUTINE INSPECTIONS 6 2 8 10 B

AD HOC INSPECTIONS

ACTIVITY PERSONNEL TIME-ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
{DAYS) RECOVERY OSI1/0SV
{DAYS) {DAYS)

» VERIFY NON-MISUSE OF
CW CAPABLE EQUIPMENT 4 1 3 4 600/YR
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8. Cost Case 7: Base Case with Biennial Routine Inspections and 300 Ad
Hoc Inspections
International cost: $539 million for 15 years
Cost to US: $225 million for 15 years

Case 7 decreases routine inspections to every other year and reduces the number of
ad hoc inspections from 600 to 300 a year. Annual US costs for Case 7 are compared with
costs for the base case in Figure III-10.
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Figure 1II-10. Case 7 (Biennial Routine Inspections and Halved Ad Hoc
Inspections) vs. Base Case: US Costs, Escorts Included

Table llI-17. Case 7 Input Changes

AD HOC INSPECTIONS
United States/NA+SA -85
Eastern Europe/USSR 85
Western Europe -8
Middie East/Africa 22
Paclfic/Asia 23
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9. Cost Case 8: Presentation to the Conference on Disarmament
International Cost: $1771 million for 15 years
Cost to the US: $759 million for 15 years
This example is taken from a presentation to the Conference on Disarmament in
June of 1989 by Dr. S. Johan Lundin of the Stockholm International Peace Research
Institute. Examples given by Dr. Lundin on the size of inspection teams, the frequency and
duration of inspections, and requirements for permanent presence were used as resource
estimates for this case. In this example, a large number of facilities have a permanent
presence, and inspections at Schedule 1 chemical facilities are increased to three times a
year. As Dr. Lundin did not specify inspections for Schedule 2 chemical facilities, we have
not included Schedule 2 inspections. Also, the cost of sample analysis is not added. We
did, however, add time for inspection team preparation and recovery and installation visits.
Facilities were distributed worldwide and travel costs were added. The inputs for this case
are depicted on Tables III-18 thru ITI-22, and the costs are compared with the base case
costs in Figure ITI-11.
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Table 1lI-18. Case 8 Storage Facllltvaata

INSPECTIONS
ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
(DAYS) RECOVERY osl/osv
{DAYS) {DAYS)
PERMANENT PRESENCE 9 365 365
INSTALLATION Wisr 7 7T T T e Ty
FACILITIES
Year 1 2 3 4 5 6 7 8 9 10
us 10 9 8 7 6 5 4 3 2 1
E. Europe/USSR 10 9 8 7 6 5 4 3 2 1
W. Europe 10 9 8 7 6 5 4 3 2 1
Middle East/Africa 10 9 8 7 6 5 4 3 2 1
Pacific/Asla 10 9 8 7 6 5 4 3 2 1
Table 1lI-19. Case 8 Destruction Facllity Data
INSPECTIONS
ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
{DAYS) RECOVERY 0Sl/08V
(DAYS) {DAYS)
PERMANENT PRESENCE 10 365 365
INSTALLATION wisIT e s T T i
FACILITIES
Year 1 2 3 4 5 6 7 8 9 10
us 5 5 5 5 5 5 5 5 5 2
E. Europe/USSR 3 3 3 3 3 3 3 3 3 1
W. Europe 3 3 3 3 3 3 3 3 3 1
Middle East/Africa 3 3 3 3 3 3 3 3 3 1
Pacific/Asia 3 3 3 3 3 3 3 3 3 1
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Table 1lI-20. Case 8 Production Facllitlies

INSPECTIONS
ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
(DAYS) RECOVERY osl/osV
(DAYS) {DAYS)
INITIAL INSPECTION 10 10 20 1
CLOSURE INSPEGTION gmtian ez T s o T T
NSTALLATION wisrr TR s 0 .
HOUTINE INSPECTIONS 3 2 8 10 1/YR
CLOSEOUT INSPECTIONS 2 1 y T s e R
FACILITIES
Year 1 2 3 4 5 6 7 8 9 10
us 4 4 4 4 4 4 2 2 1 1
E. Europe/USSR 4 4 4 4 4 4 2 2 1 1
W. Europe 4 4 4 4 4 4 2 2 1 1
Middle East/Africa 4 4 4 4 4 4 2 2 1 1
Paclfic/Asia 4 4 4 4 4 4 2 2 1 1
Table 1ll-21. Case 8 Schedule 1 Facllities
INSPECTIONS
ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
(DAYS) RECOVERY oSl/oSV
(DAYS) (DAYS)
SCHEDULE 1
INITIAL INSPECTION 8 10 18 1
INSTALLATION wisrT T T s T 0 O
BOUTINE INSPECTIONS 2 e e 3/YR
FACILITIES
United States/NA+SA 10
Eastern Europe/USSR 10
Western Europe 10
Middle East/Africa 10
Pacific/Asla 10
1-24




Table 1li-22. Case 8 Ad Hoc Inspection Data

INSPECTIONS
ACTIVITY PERSONNEL TIME ON-SITE PREPARATION/ TOTAL TIME PER FREQUENCY
{DAYS) RECOVERY OSl/0sV
{DAYS) (DAYS)
« VERIFY NON-REPORTED
PRODUCTION OF
SCHEDULE CHEMICALS 4 5 5 10 300 YR
LOCATIONS
United States/NA+SA 100
Eastern Europe/USSR- 5
Western Europe---- 5
Middle East ---- 50
Pacific 50
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10. Summary

The fifteen year cost of each case is plotted in Figures IM-12 and III-13. Each bar
in Figure III-12 represents the annual cost to the US to escort inspection teams in the US
and a 40% contribution to the cost of the International Organization. The increment above
the base case results shows the magnitude of the estimated capital costs in the previous
chapters. These capital costs may be added directly to any of the other examples. The
totals for the International Organization are shown in Figure ITI-13. The breakout of costs
to the US by year and inspection type is presented in Figures B-1 thru B-18 in Appendix
B. The next section provides a more detailed sensitivity analysis for specific inputs.

01 o0 g > V/% //

* with capital cost = 56 million

Figure llI-12. Summary of Base Case of 8 Alternatives: Cost to the US, Escorts
Included
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C. SENSITIVITY ANALYSIS

This section displays the sensitivity of various cost factors to total International
Organization costs. The International Organization in the base case cost is $770 million for
15 years. This cost total is used for all sensitivity references. Figure III-14 shows the
profile of the costs over the period considered.
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Figure lll-14. International Organization Base Case 15-Year Cost:
15-Year Costs = $770 Million
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1. Sensitivity of Total Costs to Overhead Factors and Salaries

The base case overhead factor used for the International Organization is three.
Figure ITI-15 displays the effect of variations in overhead and salary levels.

15-year Cost (millions)
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Overhead Factor

Figure 1ll-15. Senslitivity to Overhead Factor: 15-Year Cost to International
Organization
As displayed in Figure III-15, the average salary level assumed for international
inspectors has a significant effect on total costs because the number of inspectors is
multiplied by the direct labor cost and the overhead factor.

2. Sensitivity to Inspection Team Size

Total costs are affected by varying the size of inspection teams for permanent
presence. The base case considers permanent presence to be 365 days at each operational
destruction site. The sensitivity of 15-year costs to both the number of inspectors at the
facility and the duration of the permanent presence is shown below in Table III-23.

Table 1lI-23. Sensltivity of Permanent Presence

Day of Permanent Presence Number of Personnel
4 (1 Shift) 8 (2 Shift) 12 (3 Shitt)
90 $657,562,803 695,335,199| 733,107,595
180 $694,606,803 769,423,199 | 844,239,595
270 $731,650,803 843,511,199 | 955,371,595
365 $770,752,803 921,715,19911,072,677,595
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3. Sensitivity to the Number of Facilities

The effect of reducing the number of facilities subject to inspection is presented in
the following examples. When the number of Schedule 1 chemical facilities is reduced
from 36 to 18, as shown in Table III-24, total costs decrease from $770 million to $745
million in the base case. Two examples are given for Schedule 2: Schedule 2 chemical
facilities are reduced from the estimate from 70 to 35 in the base case, and then Schedule 2
chemical facilities are doubled from 70 to 140. The distribution input changes are shown in
Table III-25. The changes to the 15-year cost are shown in Figure III-16.

Table 1lI-24. Changes to Schedule 1 Chemical Facllities
SCHEDULE 1 FACILITIES

BASE REDUCED
United States/NA+SA --=-cecen-- Bemcccccconmsnanmasanane 1
Eastern Europe/USSR----==---c=-cc-- R 3
Western EUrope ------===scseeeceeacoca- ; PR ——————— 4
Middle East S o [ ——— 5
PacifiC=-=ececmcmrccmacrcnncnnccancnnancan- ) 1 1 P ———— 5

Table IlI-25. Changes to Schedule 2 Chemical Facllities

DISTRIBUTION OF
SCHEDULE 2 FACILITIES

35 Total 70 Total . 140 Total
United States/NA+SA.......ccceeveennneeee 10.cicieenccnnnncen. P4 o T 40
Eastern Europe/USSR............ccceeeeee 10 ciieeeeecennnanes -]+ J 40
Western EUrOpPe@......ccccccrececraainsecscnse & [N+ 1 + [ 40
Middle East/Africa.......ccccevemrnncinnenene < - 2. 10
Pacific/ASIa..cccenveieciiricencnnennrinnecnnnns b 2 - J . 10
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Figure lli-16. Sensitivity to the Number of Schedule'2 Chemical Facllities:
15-Year Cost to International Organization

This section shows the effect of variations of a US contribution to the International
Organization for the base case. Figure III-17 graphs the percent from 10 to 100. Escort
and capital costs are not included.
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Figure llI-17. Sensitivity of US 15-Year Costs to US Contribution to
international Organization for Base Case
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IV. CONCLUDING REMARKS

A. LIMITATIONS OF THE ANALYSIS

The objective of this task was to design an analytical framework with which to
estimate the costs of the draft Chemical Weapons Convention. Although this objective has
been accomplished, there are certain limitations in our coverage of verification costs for a
final Convention. The foregoing analysis is limited by the tentative nature of many issues
for agreement on a final verification regime, the imprecision of the existing language used
in the draft Convention, the difficulty of obtaining firm data estimates, and, to some extent,
simplifications that are intrinsic to the cost model.

Verification requirements are typically characterized under broad scenarios such as
"monitoring stockpiles” and “verifying declarations." Because this approach lacks the
necessary precision to identify discrete actions and their associated cost elements, it was
necessary to construct a framework. The framework then linked verification objectives
directly to inspection team tasks, which describe an inspection or visit, and to more specific
actions such as travel to inspection sites. In our effort to define the inspection regime, we
have attempted to stay within the intent of the Convention and further compensated for the
uncertainty by treating estimates as variable inputs to a cost model.

Nonetheless, the uncertain status of several issues and the time available precluded
cost development in some areas. Under some circumstances, these costs may contribute
substantially to the total cost of a final regime. Notable examples are the exclusion from
this paper of cost estimates for challenge inspections and additional on-site verification
activities. In addition, the costs of establishing a Preparatory Commission to train
inspection teams may require annual funding of several million dollars. Also, the
Convention will mandate an ongoing data review process for the International
Organization, and our estimated overhead factor may be insufficient to capture the complete
costs of implementing this verification requirement.

The US also will incur costs to create a National Authority responsible for a broad
range of domestic implementation measures.! Exploration of this issue shows that the US

1CDM61, Article VII, National Implementation Measures, page 22.
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will need to identify how this National Authority will be organized and whether it is to be
established as a new bureaucracy or created as a focal point under existing agencies.
Demonstrating compliance with the Convention will in any case require the compilation and
dissemination of an extensive amount of data that presently cuts across the jurisdiction of

several agencies.

This paper has focused primarily on costs to support an international inspection
regime; costs to protect sensitive US facilities and the regulatory burden on domestic
industry have not been developed. Industry data from the National Trial Inspections has
indicated, however, that industry cost to both prepare for and receive these trial inspections
would range between $10,000 and $35,000. There are no current plans for the US

government to assume these costs.

Considerable cost also will accrue to destroy binary chemical weapon stockpiles
and production facilities. Neither these costs nor the costs of destroying unitary chemical
weapons (the latter action having been mandated by Congress) have been included in this
paper. It remains to be determined whether the binary destruction cost is attributable to the
cost of the Chemical Weapons Convention, although the unitary demilitarization program
involves considerable expense which may also apply to a binary destruction program.

The computational methods used could, with rather straightforward modification,
accommodate more specific estimates for individual components. As currently calculated,
the verification costs do not adequately capture the close-out costs of storage, production,
and destruction facilities and the costs of initial inspections at destruction facilities that
become operational beyond the first year. As a result, a small portion of the inspection
effort is underestimated. Also, more facilities than are accounted for in these estimates may
require an on-site inspector presence for longer periods. A somewhat more sophisticated
accounting method could easily be adopted to cover these costs, however.

Also, while travel costs for inspectors have been accounted for, most intraregional
costs and all costs associated with transporting monitoring equipment to sites have not been
included in our totals. The intraregional costs need to be addressed by a more detailed
examination of the locations of specific facilities, and the transport costs require a more
thorough understanding of what types of equipment will be permitted under the
Convention. Further refinement of equipment types will then allow some closer
approximation of installation costs and follow-on maintenance.




B. OBSERVATIONS

Several observations follow from the analysis and also from discussions held with
individuals in the chemical weapons arms control community. First, the anticipated initial
visits and initial inspection requirements outlined in the draft yield substantially higher costs
in the first year than in subsequent years. Reducing this first-year cost relative to that for
subsequent years may allow resources to be used more efficiently but also might impede
the Convention's initial goal of establishing an immediate and comprehensive surveillance
system.

The objective of this task was not to question underlying rationales behind the
negotiating process but to demonstrate their cost implications as an additional basis for
judgment. In this respect, the analysis demonstrates that considerable savings result from
varying the frequency of inspection, numbers of inspectors per inspection, and duration of
inspection. Also, other issues emerge that should be considered to structure the inspection
regime to minimize costs while achieving an appropriate level of verification. Perhaps, for
example, the National Authorities could organize supporting material for negotiation of
facility agreements to minimize requirements on the International Inspectorate. Likewise,
requirements for interim permanent presence could be minimized by shortening the time
allowed to reach conclusion on facility agreements. Such options should be investigated to
design a cost-effective approach to Convention verification methods. This requires that
verification objectives be addressed directly with cost considerations in mind.

It is expected that experience gained from the National Trial Inspections and from
implementation of the separate US and USSR bilateral agreements will further expose
resource requirements. Consequently, cost estimates can be substantially improved to
enhance the structuring of the international and national implementing organizations and
general planning for the CWC.
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COST EQUATIONS

This appendix presents the equations used to compute the costs presented in this
paper. The three main components of cost are

IC(t) = inspection costs for yeart,
TC(t) = travel costs to conduct inspections in year t, and

EC(t) = escort costs for inspections in the US in year t.

Indices are as follows. Index j ranges over the types of facilities:

j=1 : storage facilities

j=2 : destruction facilities

j=3 : CW production facilities

j=4 : schedule 1 facilities

j=5 : schedule 2 facilities

j=6 : facilities subject to ad hoc inspections.

Indices i(j) range over the types of inspection activities at a facility of type j. See
Chapter I for this information. Index k ranges over geographical regions:

k=1: US (including all of Americas)

k =2 : Eastern Europe (including USSR)
k=3 : Western Europe

k=4 : Middle East

k =5 : Pacific nations.




INSPECTION COSTS
IC(t) = t AN s|.
JZ %{n (t)[z ()] [ i% 200 " © * sijc] p}

where
njj(t) = the number of inspections of type i(j) at facility type j during year t
fik(t) = the number of facilities of type j in region k in year t

m;j = the number of inspectors required to conduct an inspection of type i(j) at a
facility of type j.

djj = the duration (in days) of an inspection of type i(j) at a facility of type j
(including preparation and recovery time).

cM = the direct yearly cost of an inspector

ol = an overhead factor for the International Organization.

Sij = the number of samples taken during an inspection of type i(j) at a facility
of type j

cS= cost per sample

P= the fraction of International Organization costs to be paid by the US.

TRAVEL COSTS

€O = Y, Y, {n ® [Zf (t)]m ckp}

i Q)

where nj;(t), fik(t), mj;, and p are as above and

k = the commercial round trip air fare between Geneva and region k.

ESCORT COSTS

ECH = Y, 3, {5 ® § 0

i i@
where nj;(t) and fj1(t) are as above (note: k = 1 signifies the US), and
.
i =  escort costs for an inspection of type i(j) at a facility of type j
o= an overhead factor for escort costs.
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GRAPHIC SUMMARIES OF COST CASES

This appendix contains detailed graphical summaries of the US costs for each case.
A chart of the International Organization costs also is included for each case.

The histograms detailing US costs depict the cost as described in Chapters I, I and
III. Each histogram represents the annual cost to the US by facility type, i.e., storage,
destruction, etc. Escort costs are included in US costs. Using the data and assumptions
presented previously, the effect of capitalization may be illustrated by adding $42 million to
the respective US cases. '

International Organization costs are shown as a histogram of annual costs. The
annual costs are not broken out as to source. The International Organization costs of each
case are compared to the base case. The effect of capitalization may be illustrated by adding
$107 million to the respective International Organization cases.
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Figure B-1. US Base Case Cost Profile: 15-Year Cost to US = $363M
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Figure B-2. International Organization Base Case: 15-Year Cost to US = $770M
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Figure B-5. Case 2: Base Case With Doubled Routine Inspections:
15-Year Cost to US = $464M
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Figure B-6. International Organization Case 2 Cost vs. International
Organization Base Case: 15-Year International Organization Cost = $918M
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Figure B-7. Case 3: Large Inspection Team Size:
15-Year Cost to US = $572M
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Figure B-8. International Organization Case 3 Cost vs.
International Organization Base Case:
15-Year International Organization Cost = $1,298M
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Figure B-10. International Organization Case 4 Cost vs. International
Organization Base Case: 15-Year International Organization Cost = $1,238M
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Figure B-11. Case 5: Quarterly Routine Inspections Plus 1200 Ad Hoc

Inspections: 15-Year Cost to US = $741M
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Figure B-12. International Organization Case 5 Cost vs. International
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Figure B-13. Case 6: Biennial Routine Inspections:
15-Year Cost to US = $305M
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Figure B-14. International Organization Case 6 Cost vs. International

Organization Base Case:
15-Year International Organization Cost = $628M
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Figure B-15. Case 7: Biennial Routine Inspections and 300 Ad Hoc Inspections:
15-Year Cost to US = $255M
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Figure B-16. International Organization Case 7 Cost vs. International

Organization Base Case:
15-Year International Organization Cost = $539M
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Figure B-17. Case 8:
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An Example From the Conference on Disarmament:
15-Year Cost to US = $759M
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15-Year International Organization Cost = $1,771M
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